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Abstract 


The  use  of  chromate  as  a  corrosion  inhibitor  in  primer  paint  is  an  essential 
component  for  the  protection  of  aluminum-skinned  aircraft  and  the  primary  source  of 
hexavalent  chromium  (Cr  (VI))  exposure  to  USAF  aircraft  painters.  The  objective  of  this 
research  was  to  quantify  the  dissolution  of  chromate  from  freshly  sprayed  paint  particles 
into  a  simulated  lung  fluid  (SLF).  Two  primer  paints  were  sprayed  with  a  paint  spray 
gun  to  generate  overspray  particles  for  collection  into  impingers  fdled  with  SLF. 

Particles  were  allowed  to  soak  in  SLF  for  24  and  48  hours  and  then  the  particles  were 
removed  by  centrifugation.  The  remaining  Cr  (VI)  dissolved  in  the  SLF  was  then 
compared  to  the  initial  Cr  (VI)  concentration  with  particles.  The  results  indicate  that  the 
dissolution  of  Cr  (VI)  into  SLF  is  hindered  by  the  paint.  Also,  the  results  indicate  that  the 
amount  of  Cr  (VI)  dissolved  into  SLF  from  the  paint  particles  is  not  significantly 
different  between  the  two  paints  tested  or  between  the  24-  and  48-hour  resident  times. 
This  study  suggests  that  Cr  (VI)  in  paint  particles  is  less  bioavailable  than  Cr  (VI)  in 
other  particles  such  as  dust  or  mist. 
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DISSOLUTION  OF  CHROMIUM  FROM  INHALABLE  PRIMER  PAINT 


PARTICLES  INTO  A  SIMULATED  LUNG  FLUID 


I.  Introduction 


Air  Force  Primer  Paint  Overview 

Coating  systems — comprising  a  metal-surface  treatment,  a  primer  and  a  topcoat — 
are  used  extensively  throughout  the  United  States  Air  Force  (USAF)  to  protect  metal 
surfaces  of  aircraft  from  the  hostile  environment  to  which  they  are  exposed  on  a  daily 
basis.  Primers  are  paints  and/or  coatings  that  provide  corrosion  resistance  to  a  metal 
surface  and  promote  adhesion  between  the  surface  and  the  topcoat.  Typical  USAF 
primers  contain  passivating  corrosion-inhibitive  ingredients  such  as  zinc  chromate, 
barium  chromate,  and  strontium  chromate  (SrCrC>4). 

There  are  three  military  specifications  (MIL-P-23377G,  MIL-P-85582B,  and 
MIL-P-871 12)  and  one  federal  specification  (TT-P-2760A)  that  regulate  primer  paint 
applied  to  USAF  aircraft.  The  specifications  identify  SrCrC>4  and  barium  chromate  as 
corrosion  inhibitors.  The  use  of  SrCrC>4  as  a  corrosion  inhibitor  in  primer  paint  is 
presently  considered  the  primary  source  of  hexavalent  chromium  (Cr  (VI))  exposure  to 
USAF  aircraft  painters. 

Chromium  Health  Hazards 

In  the  past  several  years,  a  number  of  agencies  have  reviewed  the  epidemiological 
and  toxicological  evidence  and  have  classified  hexavalent  chromate  (Cr  (VI))  as  a  human 
carcinogen.  For  example,  the  Agency  for  Toxic  Substances  and  Disease  Registry 
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(ATSDR,  1990),  the  National  Institute  for  Occupational  Safety  and  Health  (NIOSH, 
1997),  the  International  Agency  for  Research  on  Cancer  (IARC,  1990),  American 
Conference  of  Governmental  Industrial  Hygienists  (ACGIH,  1998),  and  the  Occupational 
Health  and  Safety  Administration  (OSHA,  1996)  have  classified  Cr  (VI)  as  a  human 
carcinogen.  Mancuso  (1975)  provides  limited  but  adequate  information  demonstrating 
that  Cr  (VI)  is  a  potential  human  carcinogen.  Mancuso’ s  data  were  used  as  a  primary 
database  for  estimating  the  carcinogenic  potency  of  Cr  (VI).  Three  foreign  studies  on 
ferrochromium  plants  were  also  considered  for  use  in  the  potency  calculations 
(IRIS,  1998). 

Cr  (VI)  is  the  oxidative  state  of  greater  concern  with  occupational  exposures. 
Occupational  exposures  to  Cr  (VI)  can  include  welding,  leather  tanning,  electroplating, 
textile  manufacturing,  photoengraving,  copier  servicing  and  exposures  to  paints/pigments 
(ATSDR  1990:2,3;  IARC,  1990:24).  Numerous  detailed  studies  for  Cr  (VI)  exposure 
have  been  conducted  in  the  following  manufacturing  and  industrial  application  areas: 
production  of  ferrochromium  steel  and  high  chromium  alloy,  production  of  chromates 
and  chromate  pigments,  leather  tanning,  chromium  plating  and  welding.  Unfortunately, 
no  health  studies  have  been  conducted  for  spray  paint  operations  (IARC,  1990:  85-98). 

It  is  therefore  not  certain  that  workers  exposed  to  Cr  (VI)  in  painting  operations 
experience  the  same  health  effects. 

Occupational  Exposure  Concerns 

The  current  OSHA  limit  of  100  pg/m3  is  a  ceiling  limit,  which  means  that  the  air 
concentration  can  never  exceed  this  concentration.  OSHA’s  permissible  exposure  limit 
(PEL)  for  Cr  (VI)  is  unchanged  since  1971  (Martonik,  1995).  In  July  1993,  OSHA  was 
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petitioned  for  an  emergency  temporary  standard  (ETS)  to  reduce  the  (PEL)  for 
occupational  exposures  to  Cr  (VI). 

OSHA’s  goal  is  to  protect  the  occupational  worker  from  hazardous  materials  but 
must  include  feasibility  when  determining  exposure  control  in  industry.  The  Oil, 
Chemical,  and  Atomic  Workers  International  Union  (OCAW)  and  Public  Citizen’s 
Health  Research  Group  (HRG)  petitioned  OSHA  to  promulgate  an  ETS  to  reduce  the 
PEL  for  Cr  (VI)  compounds  to  0.5  |ig/m3  as  an  eight-hour,  time-weighted  average 
(TWA)  (OSHA,  1996).  OSHA  has  denied  the  ETS  request  but  a  rulemaking  procedure 
has  been  initiated  and  a  proposed  rule  is  under  investigation  (OSHA,  1996). 

Virtually  all  the  studies  that  OSHA  used  to  determine  Cr  (VI)  carcinogenicity  are 
based  on  Cr  (VI)  exposures  in  dust  or  chromic  acid  mist  particles.  There  are  virtually  no 
studies  involving  Cr  (VI)  in  primer  paints.  This  thesis  effort  was  undertaken  to  test  the 
hypothesis  that  the  bioavailability  of  Cr  (VI)  from  exposure  to  paint  particles  is  lower 
than  that  of  such  mists  and  dusts,  because  the  resin-coated  Cr  (VI)  present  in  the  paint 
particle  may  suppress  dissolution  of  Cr  (VI)  into  body  fluids.  To  accurately  assess  the 
need  for  a  revised  Cr  (VI)  exposure  limit  for  paint  particles,  it  is  necessary  to  determine  if 
the  Cr  (VI)  will  remain  sequestered  in  the  paint  particle  until  it  is  removed  from  the  body. 
Thesis  Objective 

This  research  will  quantify  the  dissolution  of  Cr  (VI)  from  paint  particles  into  a 
simulated  lung  fluid  (SLF).  Primer  paint,  aerosolized  with  a  high-volume  low-pressure 
(HVLP)  paint  spray  gun,  will  be  collected  in  the  SLF  by  bubbling  air  through  the  SLF  to 
transfer  paint  particles  into  the  fluid.  The  SLF  sample  will  be  divided  into  three  aliquots. 
If  the  statistical  results  indicate  that  dissociation  of  Cr  (VI)  is  hindered  when  bound  in 
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paint,  chromate-containing  primer  paints  may  not  present  as  great  a  hazard  as  the  types  of 
exposure  studied  by  OSHA  to  lower  the  exposure  standard.  In  other  words,  if  Cr  (VI)  in 
the  primer  paint  does  not  dissociate  as  readily  as  free  Cr  (VI)  compounds  such  as  in  acid 
droplets  or  dust  particles,  then  significantly  smaller  quantities  of  Cr  (VI)  will  be  released 
into  the  lung  fluid.  Any  Cr  (VI)  that  does  not  dissociate  from  the  particles  will  be  cleared 
from  the  lungs  before  causing  any  damage  to  lung  cell  DNA. 

Research  Goals 

This  research  study  focuses  on  three  primary  research  goals.  The  first  goal  is  to 
develop  a  method  for  measuring  the  amount  of  metal  dissociation  from  primer  paint 
particles  into  SLF.  A  second  goal  is  to  determine  to  what  extent  the  residence  time  of 
primer  paint  particles  in  SLF  will  affect  the  amount  of  Cr  (VI)  dissolving  into  the  SLF. 
Contact  time  between  the  paint  particles  and  the  SLF  may  affect  the  curing  process  of  the 
paint  particle,  causing  a  time-dependent  increase  in  the  extent  of  Cr  (VI)  dissolution.  To 
determine  whether  time  had  an  influence  on  dissolution,  paint  particles  collected  under  a 
standardized  set  of  conditions  were  allowed  to  soak  in  the  SLF  for  24  or  for  48  hours. 

The  fraction  of  Cr  (VI)  dissolved  into  the  SLF  at  the  24  and  48-hour  residence  times  are 
compared  for  differences.  The  final  objective  of  this  thesis  is  to  quantify  the  fraction  that 
dissociates  into  the  SLF  from  the  collected  primer  paint  particles.  The  total  concentration 
will  be  compared  to  the  quantity  and  size  of  paint  particles  collected  during  spray 
painting. 
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II.  Literature  Review 


Background 

Protecting  aircraft  surfaces  is  vital  to  maintaining  USAF  aircraft  integrity. 
Inadequate  control  and  prevention  of  aircraft  corrosion  can  shorten  the  service  lifetime  of 
the  aircraft,  hinder  the  USAF  mission,  and  potentially  compromise  safety.  The  primary 
protection  for  the  aircraft  skin  is  the  coating  system.  The  performance  of  the  paint 
coating  is  critical  to  preserve  the  passivated  aluminum  surface,  which  extends  the  life  and 
performance  of  military  aircraft.  The  primer  paint  serves  two  purposes.  The  first 
purpose  is  to  provide  a  better  surface  to  which  the  polyurethane  topcoat  adheres.  The 
second  purpose  is  to  protect  the  metal  skin  from  excessive  corrosion  by  maintaining  the 
mixed  aluminum-chromium  surface  layer  that  prevents  oxidation  (TO  1-1-8,  1989: 1-1). 
The  component  added  to  most  primer  paint  that  is  responsible  for  corrosion  control  is 
SrCr04. 

Chromium 

Chromium  is  found  naturally  in  the  earth’s  crust.  Chromium  is  both  an  essential 
micronutrient  and  a  chemical  carcinogen.  Chromium  exists  in  a  series  of  oxidation  states 
from  -2  to  +6;  the  most  important  stable  states  are  elemental  metal  (Cr),  trivalent  (Cr 
(III)),  and  Cr  (VI).  Bioavailability  and  systemic  distribution  of  chromium  are  influenced 
by  the  oxidation  state  and  solubility  (Ballantyne:  1995:25).  The  health  effects  of 
chromium  are  at  least  partially  related  to  the  valence  state  of  the  metal  at  the  time  of 
exposure.  Cr  (III)  and  Cr  (VI)  compounds  are  thought  to  be  the  most  biologically 
significant  (ATSDR,  1990:2).  Chromium  is  both  an  essential  micronutrient  [as  Cr  (III)] 
and  a  chemical  carcinogen  [as  Cr  (VI)].  The  biochemical  importance  of  Cr  (III)  in 


5 


glucose  metabolism  was  reported  more  than  a  quarter  century  ago  (Schwartz,  1959:2). 

On  the  other  hand,  the  carcinogenicity  of  Cr  (VI)  compounds  is  well-documented 
(Schechtman,  1986:1;  Persson,  1986;  Adachi,  1986;  Korallus,  1986;  Levy,  1986;  IARC, 
1990:214). 

There  are  many  health  hazards  associated  with  Cr  (VI).  Cr  (VI)  compounds  are 
oxidizing  agents  that  can  induce  tissue  damage  directly.  Cr  (VI)  increases  cancer  risk  by 
the  formation  of  DNA  adducts,  radical  adducts,  DNA  cross-links  and  DNA  strand 
breakage  which  interferes  with  normal  DNA  template  replication  and  transcription 
(Dartsch,  1998:  S40-41). 

The  principal  industrial  uses  of  Cr  (VI)  are  as  a  structural  element  and  as  an 
anticorrosive.  Large  quantities  are  used  to  make  stainless  steel  and  to  “chrome  plate” 
regular  steel.  In  both  cases,  Cr  (VI)  protects  the  iron  in  steel  from  corrosion.  The 
principal  industrial  consumers  of  chromium  are  the  metallurgical,  refractory,  and 
chemical  industries.  Cr  (VI)  is  used  in  electroplating,  welding,  painting,  and  printing 
(Federal  Register,  1996:  61:  62748-62788). 

SrCrC>4  is  a  critical  component  in  aircraft  primer  paint.  If  the  metal  surface  of  the 
aircraft  skin  cracks,  chromate  from  the  paint  migrates  into  the  crack.  The  release  of  the 
chromate  ion  restores  the  passivation  of  the  aircraft  surface  and  prevents  corrosion. 

SrCrC>4  is  a  yellow  crystalline  powder  with  a  solubility  of  1,200  ppm  at  15  °C  in 
water  (Weast,  1985:  B-147)  but  SrCrCL becomes  more  soluble  in  hydrochloric  acid,  nitric 
acid,  acetic  acid  and  ammonium  salts  (IARC,  1990:58,77).  Common  “synonyms”  are 
chromic  acid  and  strontium  salt.  SrCrCL  was  originally  used  as  color  in  artists’  paints  but 
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later  found  more-extensive  use  to  impart  corrosion  resistance  to  aluminum,  steel  and 
magnesium  alloys  (IARC,  1990:58,77). 

USAF  Primer  Paint 

Of  the  three  military  specifications  and  one  federal  specification  that  provide 
performance  requirements  for  primer  paint  applied  to  USAF  aircraft,  the  most 
predominantly  used  primer  paint  for  USAF  aircraft  is  the  military  specification  MIL-P- 
23377G  (Weissling,  1996:61). 

The  MIL-P-23377G  paint  used  in  this  thesis  effort  is  a  two-component, 
chemically  cured,  epoxy-polyamide  primer  paint.  The  two  components  are  a  base  and  a 
catalyst.  The  base  and  catalyst  are  mixed  in  a  ratio  of  three  parts  base  to  one  part  catalyst 
prior  to  being  applied.  Primer  paints  from  two  manufacturers,  Deft  and  DeSoto,  were 
selected  for  this  research.  According  to  the  manufacturers’  Material  Safety  Data  Sheets 
(MSDSs),  which  are  found  in  Appendix  A-l  and  A-2  respectively,  the  Deft  primer  base 
component  contains  25%  (by  weight)  SrCrC>4  and  the  DeSoto  primer  base  component 
contains  20%  (by  weight)  SrCrC>4. 

Regulatory  Exposure  Limits 

The  administrative  procedures  utilized  by  OSHA  to  promulgate  a  revised  standard 
include  a  review  of  all  available  information.  A  literature  review,  done  by  OSHA,  is 
performed  to  collect  and  consider  all  available  research,  data  and  reports  germane  to 
determination  of  the  Cr  (VI)  standard.  Also,  research  sponsored  by  OSHA  and 
unsolicited  research  and  reports  are  submitted  to  OSHA.  The  collected  reports  are 
numbered  and  filed  into  a  legal  file  called  a  docket.  The  docket  established  for  the  revised 
chromium  standard  contains  in  excess  of  300  individual  studies  (OSHA,  1999).  No 
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references  citing  Cr  (VI)  hazards  associated  with  occupational  use  of  paints  or  primers 
containing  SrCr04  are  in  the  Cr  (VI)  standard  docket. 

Alternatives  to  Chromated  Primer  Paints 

The  health  concerns  associated  with  Cr  (VI)  have  led  the  USAF  to  search  for 
alternatives.  Boeing  Company  Aircraft  and  Missiles  (B-A&M)  have  researched  possible 
substitutes  for  chromate-containing  primer  paints  for  corrosion  control.  One  Boeing 
report  identified  likely  candidates  to  replace  chromate  containing  primer  paints.  A 
subsequent  report  evaluated  those  candidates  and  narrowed  the  choices  to  be  applied  to 
operational  aircraft  for  further  evaluation.  Successful  results  might  provide  the  USAF 
with  competent  alternatives  to  chromated  primer  paint.  One  of  the  paints  tested  passed 
all  tests,  but  it  was  inferior  to  primer  paint  containing  chromate  (NDCEE  1  &  2, 

1998:1,1). 

Interest  in  Cr  (VI)  compounds  and  products  that  contain  them  stems  from  the  fact 
that  workers  have  an  increased  risk  of  lung  cancer  due  to  the  handling,  processing,  and 
application  of  chromate-containing  compounds  (Grogan,  1954: 152).  In  the  early  1930s, 
commercial  development  of  chromates  led  to  the  widespread  use  of  chromate  pigments  as 
metal-protective  primers,  especially  on  aircraft  (Calupski,  1956:357-384).  As  of  1999, 

Cr  (VI)  is  listed  as  the  16th  most  hazardous  substance  in  the  Top  20  Hazardous 
Substances  on  the  ATSDR/EPA  Priority  List  of  Hazardous  Substances  (ATSDR,  1999). 
Inhalation  Toxicology/Lung  Model  Physiology 

There  are  four  primary  routes  of  exposure  to  toxic  substances:  inhalation, 
ingestion,  dermal  absorption  and  skin  contact.  From  the  standpoint  of  deposition  of 
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aerosolized  paint  particles,  inhalation  route  of  exposure  is  the  most  significant  route  of 
exposure  and  it  will  be  addressed  in  this  research. 

The  respiratory  system  can  be  divided  into  two  main  regions.  These  two  regions 
are  the  conducting  zone — consisting  of  the  nasal  passages  or  mouth,  pharynx  and  larynx, 
trachea,  bronchi,  and  bronchioles — and  the  respiratory  zone,  which  consists  of  respiratory 
bronchioles,  alveolar  sacs  and  alveoli  as  illustrated  below  (Fox,  1996:460-1). 

Conductive  zone  Respiratory  zone 


Figure  1.  Conducting  and  Respiratory  Zones 

The  Conducting  Zone. 

Within  the  conducting  zone,  air  first  travels  through  the  nasal  passages  (or 
mouth),  pharynx  and  larynx.  In  this  upper  region,  large  airborne  particles  are  filtered 
from  the  air  and  the  air  is  warmed  and  partially  humidified.  Next  the  air  passes  through 
the  trachea  and  bronchi.  The  bronchi  bifurcate  (split)  into  successively  smaller  bronchi 
all  the  way  down  to  the  terminal  bronchioles.  Each  bifurcation  results  in  a  sharp  change 
in  direction  and  the  larger  paint  particles  are  unable  to  negotiate  the  sharp  turn  and  impact 
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on  the  mucous  layer.  Rarely  do  particles  greater  than  6  pm  succeed  in  traveling  to  the 
deeper  respiratory  zone  (Fox,  1996:463). 


Mucociliary  Escalator  Clearance 

Two  layers  of  fluid  line  the  conducting  zone  of  the  respiratory  system.  The  fluid 
at  the  base  (nearest  the  lung  tissue)  is  serous  and  has  viscosity  similar  to  water.  The  fluid 
on  top  is  mucous  and  is  more  viscous  than  the  lower  layer.  This  thicker  mucus  captures 
many  particles  that  impact  this  region  (Bates,  1989:70).  The  mucociliary  clearance 
mechanism  occurs  in  the  airways  from  the  trachea  down  to  the  bronchioles  and  is  well 
suited  to  trap  and  sweep  away  bacteria,  inhaled  particles  and  cellular  debris  (Bates, 
1989:69).  The  paint  particles  trapped  in  the  mucus  are  eventually  removed  from  the  body 
by  expectoration  or  reintroduced  into  the  gastrointestinal  track  of  the  body  through 
ingestion. 


paint  particles 


mucous  layer 


serous  (watery)  layer 
with  cilia 
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The  linear  velocity  of  the  mucous  layer  is  influenced  by  ciliary  beat  frequency 
(Bates,  1989:4).  Cilia  move  captured  particles  approximately  1.0  cm/min  to  the  pharynx 
to  be  swallowed  (Phalen,  1995:133-5). 

Mucociliary  escalation  removes  particles  faster  because  the  particle  is  transported 
by  ciliary  action  to  be  swallowed  or  expectorated.  If  a  paint  particle  containing  Cr  (VI) 
were  to  reach  the  respiratory  level  of  the  lung,  the  macrophages  would  eventually  break 
down  the  components.  Clearance  of  foreign  particles  in  the  lung  can  be  accomplished  by 
three  major  methods:  mucociliary  clearance,  phagocytosis  and  coughing  (Bouhuys, 
1977:293).  This  thesis  effort  is  focused  on  the  clearance  of  paint  particles  by  mucociliary 
escalation  prior  to  reaching  the  alveoli. 

The  Respiratory  Zone. 

Beyond  the  conducting  zone,  the  respiratory  zone  includes  the  respiratory 
bronchioles,  alveolar  ducts,  alveolar  sacs  and  alveoli.  This  is  where  gas  exchange 
between  air  and  blood  occurs.  The  body’s  main  clearance  mechanism  for  foreign 
particles  in  the  alveolar  region  is  lung  macrophages.  Lung  macrophage  is  a  type  of  cell 
that  brings  a  particle  of  foreign  matter  into  the  cell  and  breaks  it  down.  However, 
compared  to  the  mucociliary  escalator  in  the  conducting  zone,  lung  macrophage  activity 
is  a  slower  mechanism  for  removal  of  foreign  particles. 

Particle  Size  Deposition  in  the  Lung 

Typical  particle  deposition  in  the  lung  of  an  adult  male  is  shown  in  figure  2 
(Health  Effects  Institute,  1998:  2).  Different  sections  of  the  lung  receive  different 
particle  distributions.  Of  the  particles  that  enter  the  respiratory  system,  the  respiratory 
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zone  receives  40%  of  particles  between  0.01  and  0. 1  im  and  20%  of  the  particles 
between  1  and  10  im.  The  conducting  zone  receives  60%  of  the  total  particles  ranging 
size  from  0.001  to  0. 1  im  and  80%  of  the  total  particles  ranging  in  size  from  1  and  100 
im. 

Respiratory  Zone 

Conducting  Zone 

Conducting  Zone 

0.001  0.01  0.1  1  ID  100 

Particle  Diameter,  pm 

Figure  2.  EPA  Deposition  of  Particle  Size  (Health  Effects  Institute,  1998:  2). 


III.  Methodology 


Overview 

This  chapter  describes  the  equipment  and  methods  used,  followed  by  a  discussion 
of  the  procedures  developed  to  accomplish  this  research  effort.  The  selections  for 
residence  times  and  sample  digestion  are  discussed.  The  equipment  used  to  discriminate 
particle  size  is  described,  as  well  as  the  peripheral  collection  equipment. 

Experimental  Design 

The  experiment  is  designed  to  collect  primer  paint  particles  into  SLF  and  quantify 
the  fraction  of  Cr  (VI)  that  escapes  the  particle  and  dissolves  into  the  surrounding  SLF. 
The  dissolution  of  Cr  (VI)  into  the  SLF  assumes  the  paint  particle  was  inhaled  and  is  now 
imbedded  in  the  serous  layer  of  fluid  in  the  lung.  The  turbulent  method  of  collection 
exaggerates  the  efficiency  of  extraction  and  ignores  the  period  of  time  required  for 
deposited  particles  to  penetrate  the  mucous  layer  into  the  serous  layer,  so  the 
experimental  design  is  very  conservative. 

Simulated  Lung  Fluid. 

There  are  two  types  of  SLF  in  the  literature:  simulated  surfactant  lung  fluid 
(SSLF)  and  simulated  interstitial  lung  fluid  (SILF).  The  difference  between  SSLF  and 
SILF  is  a  surface-active  component  (dipalmitoyl  lecithin:  DPL)  present  in  SSLF  (Dennis, 
1982:470).  Biological  fluids  are  difficult  to  recreate  and  lung  fluid  is  no  exception. 
Different  variations  of  SLF  were  found  in  the  literature  but  most  can  be  traced  to 
Gamble’s  1952  formula.  SLF  has  been  used  to  test  solubility  of  uranium  compounds 
(Cooke,  1974:  69;  Duport,  1991:121),  titanium  tritide  particles  (Cheng,  1997:633), 
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dissolution  of  fibers  (Christensen,  1992:83;  Mattson,  1994:87;  Mattson,  1994:857),  and 
dissolution  of  yellowcake — U3O8,  a  product  of  uranium  milling  used  for  nuclear  fuel 
enhancement  (Dennis,  1982:469;  Eidson,  1984:151).  In  addition  to  the  standard  salts, 
some  formulas  include  preservatives  to  extend  shelf  life,  or  proteins  to  more  closely 
mimic  the  natural  lung  fluid.  Proteins  may  result  in  foaming  of  solution  when  the  air  is 
bubbled  through,  so  SLF  without  proteins  was  selected.  However,  it  is  possible  that 
proteins  may  play  a  role  in  effecting  the  breakdown  of  the  paint  matrix  and,  therefore, 
promoting  release  of  Cr  (VI). 

An  SLF  formulation  reported  by  Fisher  and  Briant  (Fisher,  1994:  264)  and  shown 
in  Table  1  was  selected  for  this  experiment.  Moss  (Moss,  1979:  447)  reported  a  potential 
problem  of  precipitation  of  salts  from  SLF  formulas  due  to  high  local  concentrations 
when  the  salts  are  initially  added  to  solution.  Therefore,  the  Fisher  SLF  relied  on  a 
modified  Gamble’s  solution,  in  which  a  50%  reduction  in  magnesium  and  calcium 
chloride  salts  eliminated  the  precipitation  problem  (Fisher,  1994:264). 

The  SLF  was  mixed  in  batches  of  1  liter  (L).  SLF  ingredients  were  added  to 
950mL  of  deionized  (DI)  water.  Each  ingredient  was  weighed  using  a  Mettler  scale  to  an 
accuracy  of  ±  0. 1  mg.  The  ingredients  were  added  sequentially  in  the  order  listed  in 
Table  1.  When  the  desired  mass  of  each  ingredient  was  attained,  several  drops  of  DI 
water  were  added  to  partially  dissolve  the  ingredient.  This  enhanced  the  dissolution  of 
each  ingredient  when  added  into  the  final  volume  and  maximized  ingredient  transfer  into 
the  SLF  mixture. 
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Table  1.  Simulated  Lung  Fluid  Ingredients 


Description 

Molecular  Formula 

Concentration  in  mg/L 

Magnesium  chloride 

MgCl2-  6H20 

101 

Sodium  chloride 

NaCl 

6019 

Potassium  chloride 

KC1 

298 

Sodium  phosphate 

Na2HP04-  7H20 

268 

Sodium  sulfate 

Na2SC>4 

71 

Calcium  chloride 

CaCl2-  2H20 

184 

Sodium  acetate 

NaH3C202-  3H20 

952 

Sodium  bicarbonate 

NaHCOj 

2604 

Sodium  citrate 

Na3H5C607-  2H20 

97 

Midget  Impinger. 

Paint  particles  were  collected  by  bubbling  particle-laden  air  through  the  SLF 
using  a  midget  impinger  containing  SLF.  An  impinger  is  a  device  that  draws  air  through 
a  conducting  tube  (#1  in  Figure  3),  releasing  the  air  at  the  bottom  of  a  narrow  cylinder 
that  contains  a  fluid  (#2  in  Figure  3).  In  these  experiments,  the  air  bubbles  through  the 
fluid  and  some  paint  particles  become  trapped  in  the  fluid  while  the  air  continues  to  be 
drawn  through  a  tube  that  leads  to  the  air  pump  (#3  in  Figure  3). 


Figure  3.  Midget  Impinger 
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The  impinger  was  connected  to  a  Gilian®  GilAir  5  air  pump.  Air  is  drawn 
through  the  pump  at  a  specific  rate.  After  preparing  the  impingers,  the  GilAir  pumps 
were  calibrated  to  1.2  1pm  using  a  Gilibrator  Airflow  Calibration  System  #  800286.  An 
airflow  rate  of  1.2  1pm  was  selected  to  maximize  particle  capture  between  1-20  |im. 

Six  impingers  were  used  during  spray  painting  for  this  thesis  effort.  An  aliquot 
(50  mL)  of  SLF  was  added  to  each  of  three  impingers  and  50  mL  of  DI  was  added  to 
each  of  the  remaining  three  impingers.  The  three  impingers  containing  SLF  were  placed 
side  by  side  to  simultaneously  collect  samples  during  spray  painting  operations.  An 
additional  impinger,  containing  DI  was  placed  in  the  same  area  to  determine  particle  size 
and  particle  number  collected  during  overspray  sampling.  The  remaining  two  impingers, 
containing  DI,  were  used  to  determine  background  contribution  of  particles  in  the  spray 
paint  booth  prior  to  sampling. 

The  air  pumps  for  the  four  impingers  (three  SLF  and  one  DI)  were  started  less 
than  a  minute  before  spray  painting  began.  The  pumps  were  stopped  less  than  a  minute 
after  painting  operations  had  ended.  Total  sampling  time  was  recorded.  The  conducting 
tubes  of  the  impingers  were  replaced  prior  to  each  sampling  period  to  be  certain  that 
residues  in  the  tubes  would  not  contaminate  the  next  sample.  After  sample  collection,  the 
GilAir  pumps  were  recalibrated  to  check  flow  rate.  The  recorded  flow  rate  was  the 
average  of  values  measured  during  pre  and  post  calibration. 

Paint  Booth. 

The  paint  booth  in  which  the  samples  were  collected  is  located  in  a  humidity-  and 
temperature-controlled  facility.  The  paint  booth  used  for  this  sampling  effort  measures 
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81”x72”x60”  and  has  an  average  air  flow  of  151  feet  per  minute.  The  temperature  during 
sample  collection  was  22  ±  2  °C  and  the  humidity  during  sample  collection  was  63  ±  3  % 
(99%  confidence  interval).  Sampling  location,  flow  rate,  painting  procedure,  and  climate 
were  held  constant  to  avoid  variation  from  unwanted  sources.  The  paint  samples  were 
collected  in  a  paint  booth  utilizing  the  same  application  equipment  and  techniques  used 
during  typical  spray  painting  operations.  A  DeVilbiss  high- volume  low-pressure  (HVLP) 
paint  spray  gun,  (product  number  JGHV-531),  fitted  with  a  46MP  air  cap,  was  used  to 
apply  the  paint. 

Paint  base  and  activator  were  mixed  at  a  3: 1  ratio,  per  manufacturers’ 
specifications,  and  allowed  a  30-minute  induction  time  before  the  paint  was  sprayed  for 
sampling.  For  each  sampling  period  300  mL  of  the  activator  was  mixed  with  900  mL  of 
the  base  component.  Sample  periods  ranged  from  10  to  92  minutes  in  duration. 

A  cardboard  box  was  placed  around  the  impingers  (Figure  6)  to  slow  the 
movement  of  spray  paint  particles,  which  provided  an  adequate  number  of  paint  particles 
for  collection.  The  HVLP  spray  gun  was  positioned  approximately  12  inches  from  the 
front  of  the  box  and  sprayed  parallel  to  the  face  of  the  box,  approximately  8  inches  from 
the  target.  The  placement  of  the  target  and  the  HVLP  paint  gun  were  selected  to  avoid 
collection  of  large  paint  particles.  Both  flow  rate  and  pressure  knobs  on  the  spray  gun 
were  set  to  achieve  uniform  and  satisfactory  atomization  with  a  nozzle  pressure  of  1.5 
psi.  Paint  was  continuously  applied  to  the  test  panel  throughout  the  entire  sampling 
period.  A  24-by-l  8-inch  test  panel  was  installed  adjacent  to  the  opening  of  the  box  and 
set  at  an  angle  of  approximately  30  degrees  from  normal  to  the  flow  of  paint.  Figure  4 
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illustrates  the  sample  collection  stand  (#1),  test  panel  (#2)  and  HVLP  spray  paint  nozzle 
(#3),  which  are  positioned  for  sampling. 


Figure  4.  Sample  Collection  Stand  &  Paint  Booth 


Particle  Counter. 

A  volumetric  liquid  particle  counter  (Liquilox  S05),  made  by  PMS  Inc.,  uses  a 
volumetric  particle  LiQuilaz®  sensor  that  counts  and  measures  particles  suspended  in 
liquids.  The  particle  counter  is  capable  of  detecting  particle  counts  within  15  distinct 
particle  size  ranges — from  a  minimum  particle  size  of  0.5  pm  through  a  maximum 
particle  size  of  20  pm.  The  range  limits  can  be  adjusted  throughout  the  0.5  -  20.0-pm 
particle  size  range  with  the  manufacturer’s  software. 

Because  the  salts  in  the  SLF  interfered  with  particle  counting,  a  separate  impinger 
filled  with  DI  water  was  used  for  the  purposes  of  establishing  the  size  and  quantity 
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distribution  during  particle  collection.  Contribution  of  particles  from  spray  painting  was 
determined  through  the  particle  count  measurements  performed  on  the  impingers 
containing  DI  water.  To  determine  the  net  particle  count  from  painting,  the  particle 
counter  drew  an  aliquot  directly  from  the  center  of  the  sample  volume  for  analysis.  The 
particles  collected  in  the  impinger  without  painting  (background)  was  subtracted  from  the 
particles  collected  during  spray  painting  to  yield  the  total  particle  contribution  from  spray 
painting.  The  particles  counted  in  the  DI  water  from  each  sample  run  were  assumed  to  be 
representative  of  the  sampling  run.  The  particles  counted  were  applied  to  all  three  SLF 
samples  collected  during  the  sample  run. 

Residence  Time. 

Residence  time  of  the  paint  particles  in  the  SLF  should  mimic  the  residence  time 
of  foreign  particles  in  the  human  lung.  Mucociliary  transport  has  been  estimated  from 
whole-lung  clearance  curves.  The  particle  size  range  that  is  of  most  interest  is  1  -  20  pm 
because  this  size  range  is  most  likely  to  be  inhaled  and  deposit  in  the  tracheobronchial 
tree.  A  particle  that  impacts  on  the  tracheobronchial  tree,  is  usually  cleared  via 
mucociliary  mechanisms  within  24^-8  hours  (Brain,  1994:120).  The  potential  contact 
time  of  a  particle  in  the  conducting  zone  of  the  lung  is  the  area  of  interest,  so  24-  and  48- 
hour  residence  times  were  selected.  To  determine  whether  residence  time  affected  the 
dissociation  of  SrCrC>4  from  the  sample,  two  groups  of  collected  samples  were  incubated 
at  body  temperature  (37°C)  for  24  and  48  hours,  respectively. 


19 


Centrifuge. 

The  Eppendorf  model  581  OR  centrifuge  was  used  to  separate  the  paint  particles 
from  the  SLF  (Figure  5).  The  Cr  (VI)  concentration  of  the  initial  sample,  which  contains 
paint  particles,  provided  the  total  Cr  (VI)  concentration  of  the  SLF  sample.  After  the 
selected  24-hour  or  48-hour  residence  time,  the  SLF  samples  were  placed  in  the 
centrifuge  to  eliminate  the  paint  particles  and  leave  only  the  Cr  (VI)  dissolved  in  the  SLF. 
The  concentration  of  dissolved  Cr  (VI)  remaining  in  the  SLF  (without  particles) 
represents  the  dissolution  of  Cr  (VI)  from  paint  particles  in  SLF  at  the  residence  times  of 
24  and  48  hours. 
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Sample  Preparation  and  Analysis. 

In  preparation  for  quantifying  Cr  (VI)  concentration,  the  30mL  of  SLF  available 
for  analysis  was  transferred  into  the  respective  sample  analysis  containers.  To  determine 
the  total  chromium  in  the  initial  sample,  an  aliquot  was  pipetted  from  the  center  of  the 
sample  volume  and  transferred  directly  into  a  microwave  digestion  vessel.  For  24-  and 
48-hour  incubations,  an  aliquot  was  pipetted  from  the  center  of  the  sample  volume  and 
transferred  into  polypropylene  centrifuge  tubes.  After  storage  for  24  or  48  hours  at  37  °C, 
the  samples  were  centrifuged  for  20  minutes  at  4000  rpm.  The  supernatant  liquid  was 
extracted,  digested,  and  analyzed  for  Cr  (VI)  concentration. 

Sample  Digestion. 

To  prepare  all  samples  for  AAS  analysis,  particles  in  samples  must  be  completely 
decomposed  so  that  the  AAS  can  measure  the  entire  amount  of  chromium  present  in  each 
sample.  By  design  (and  supporting  the  premise  of  this  research  project),  primer  paints 
polymerize  rapidly  to  form  a  robust,  cross  linked  lattice  structure.  To  liberate  chromium 
for  analysis,  complete  digestion  with  nitric  acid  is  required  to  thoroughly  decompose  the 
paint.  Concurrent  application  of  microwave  energy  shortens  the  digestion  time  and 
ensures  complete  destruction  of  the  paint  particles. 

The  01  Analytical  Microwave  Digestion  System  (Figure  6)  was  used  to 
decompose  the  paint  samples.  No  procedure  is  reported  for  decomposing  the  paint 
samples  collected  for  this  thesis  effort.  However,  microwave  digestion  methods  for  paint 
chips  exist  in  EPA  method  3050A  and  NIOSH  Method  7300.  The  procedures  for  these 
methods  were  combined  and  modified  for  this  thesis  sample  digestion.  Preparation 
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comprised  diluting  the  sample  with  an  equal  volume  of  70%  nitric  acid  and  digestion  at 
50  psig  for  5  minutes  and  70  psig  for  25  minutes. 


Microwave 
carousel  filled 
with  digestion 
vessels 


Figure  6.  Microwave  Digestion  System 

Atomic  Absorption  Spectrometry. 

Atomic  Absorption  Spectroscopy  (AAS)  measures  the  interaction  of  light  with 
atoms.  AAS  uses  either  a  flame  or  a  graphite  furnace  to  create  a  plasma  from  a  liquid 
sample  containing  an  analyte.  Because  samples  were  expected  (or  could  be  diluted  as 
necessary)  to  contain  less  than  1  ppm  chromium,  a  GBC  Avanta  AAS,  fitted  with  an 
optional  autosampler  and  configured  for  the  more-sensitive  graphite  furnace  procedure, 
was  used  to  quantify  chromium  concentration  in  all  samples. 

The  GBC  AAS  autosampler  option  was  utilized  to  introduce  a  volume  of  10 
microliters  (i  1)  of  sample  automatically  into  the  graphite  furnace  tube.  The  AAS  method 
is  presented  in  Table  2.  First,  the  tube  is  heated  by  passing  current  through  the  tube.  In 
the  drying  step  (Step  1),  the  sample  is  heated  to  remove  all  water.  The  drying  step  must 
be  done  slowly  to  avoid  splattering  and  possible  loss  of  sample.  Argon  gas  flows  to 
remove  evaporated  vapors.  The  charring  and  pyrolysis  steps  are  Steps  2  and  3.  These 
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steps  destroy  the  organic  matrix  components  leaving  the  analyte  in  a  less  complex  matrix. 
Steps  2  and  3  further  remove  undesired  components  of  the  sample  but  are  completed  at  a 
temperature  low  enough  to  avoid  volatizing  the  analyte  of  interest.  Step  4  is  atomization 
where  the  chromium  ions  are  excited.  The  argon  flow  is  stopped  and  the  instruments 
absorbance  measurements  are  recorded.  The  last  Step  (5)  is  the  cleaning  step.  This  step 
raises  the  temperature  again  and  forces  gas  through  the  tube  to  clean  any  residual 
substance  left  in  the  tube,  preparing  it  for  the  next  sample. 

Table  2.  Atomic  Absorption  Method  Parameters 


Steps 

Parameters 

Final 

Temp(°C) 

Ramp 
Time  (s) 

Hold 
Time  (s) 

Gas 

Read 

Signal 

1:  Drying 

5.0 

10.0 

Off 

2:  Charing 

10.0 

Off 

3:  Pyrolysis 

1400 

Off 

4:  Atomization 

2500 

1.4 

1.6 

None 

On 

5:  Clean 

2700 

0.5 

1.5 

Argon 

Off 

Chromium  has  several  absorption  wavelengths.  The  wavelength  selected  was 
357.9  nm  with  a  0.2  mm  slit  width.  The  hollow  cathode  lamp  current  was  6.0  mA. 

GBC  Avanta  Atomic  Absorption  Spectrometer  with  auto  sampler  was  used  to 
quantify  chromium  concentration  in  each  sample.  The  auto  mix  function  was  used  to 
create  dilutions  from  a  stock  concentration  for  calibration  standards.  A  five-point 
calibration  curve  method  was  used. 

A  High  Purity  Standards  75  ppb  Cr  (VI)  certified  standard  was  used  in  the  GBC 
AAS  to  auto-mix  7.5,  20,  40,  60,  and  75  ppb  chromium  concentrations.  A  linear  least 
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squares  regression  analysis  was  used  to  create  the  calibration  curve.  A  regression  factor 
(R2)  of  0.980  or  higher  was  required  for  acceptance. 
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IV.  Results 


Manufacturer-Specific  Paint  Sample  Results 

Data  Measured  for  the  Deft  primer  are  presented  in  Figure  7  and  data  for  the 
DeSoto  primer  are  presented  in  Figure  8.  The  initial,  24-hour,  and  48-hour  chromium 
concentrations  for  the  Deft  and  DeSoto  paints  are  grouped  on  the  graphs.  The  values  on 
the  graph  above  the  “Initial  [Cr]  w/  particle”  label  (for  samples  that  included  both  the 
solution  and  the  paint  particles)  was  determined  to  establish  the  total  concentration  of  Cr 
(VI)  contributed  by  spray  painting.  Because  these  samples  were  centrifuged  to  eliminate 
particles  immediately  before  analysis,  the  values  on  the  graph  above  the  “24-hour  [Cr]  no 
particles”  label  indicate  the  fraction  of  Cr  (VI)  that  dissolved  out  of  the  particles  during 
24  hours  of  incubation  at  37  C.  Likewise,  the  values  on  the  graph  above  the  “48-hour 
[Cr]  no  particles”  label  indicate  the  fraction  of  Cr  (VI)  that  dissolved  from  the  particles 
during  48  hours  of  incubation  at  37  C  prior  to  centrifugation  and  analysis.  The  original 
analytical  results  of  the  Cr  (VI)  analyses  for  Deft  and  DeSoto  are  presented  in  Appendix 
B-l  and  B-2,  respectively. 

The  [Cr]  concentration  results  for  both  Deft  and  DeSoto  paint  follow  a  similar 
trend.  When  the  initial  [Cr]  concentration  is  high,  the  24-hour  and  48-hour  samples 
appear  to  have  a  significant  reduction  in  [Cr],  This  would  indicate  that  a  large  fraction  of 
[Cr]  remains  trapped  in  the  paint  particles.  However,  when  the  initial  [Cr]  are  low  (<200 
ppb),  there  does  not  appear  to  be  a  reduction  in  [Cr]  at  24-hours  and  48-hours.  This 
would  imply  that  most  of  the  Cr  (VI)  at  low  initial  [Cr]  escapes  the  particles  and  is 
dissolved  into  the  surrounding  SLF.  This  trend  appears  to  be  the  same  for  both 
manufacturers. 


25 


[Cr]  Deft  Paint 


\ 

\ 

\ 


\  \ 

\  \ 

\  \ 
\  \ 


- 


Initial  [Cr]  24-hr  [Cr]  48-hr  [Cr] 

w/  particles  no  particles  no  particles 


Figure  7.  Chromium  Concentration  of  Deft  Samples 


Difference  Between  Residence  Times. 


One  research  goal  was  to  determine  if  residence  time  influences  the  dissociation 
of  Cr  (VI)  in  SLF.  If  residence  time  influences  the  dissociation  of  Cr  (VI)  in  SLF,  a 
difference  should  exist  between  the  Cr  (VI)  concentrations  in  the  24  and  48-hour  sample 
results.  A  paired  t-test  is  performed  between  the  24-hour  and  48-hour  residence  time 
concentrations  to  determine  if  there  is  a  significant  difference  between  the  two  residence 
times.  The  results  of  the  analysis  of  the  t-test  comparison  of  means  (Appendix  C) 
indicate  that  there  is  not  a  significant  difference  in  mean  Cr  (VI)  concentrations  of  the 
two  residence  times  between  the  two  manufacturers. 

The  results  of  analysis  for  each  of  the  initial,  24-hour,  and  48-hour  sampling 
period  samples,  for  both  manufacturers,  are  averaged  and  presented  in  Figure  9.  The 
95%  confidence  interval  is  displayed  on  the  graph.  The  95%  confidence  interval  for  the 
initial  concentration  is  822  +  23 1  ppb.  The  95%  confidence  interval  for  the  24-hour 
residence  time  concentration  is  95  +  15  ppb.  The  95%  confidence  interval  for  the  48-hour 
residence  time  concentration  is  112  +  25  ppb.  The  data  seems  to  reflect  that  the  average 
initial  results  of  sampling  were  much  higher  than  the  corresponding  24-hour  and  48-hour 
sample  results.  Additionally,  the  initial  results  have  a  significantly  larger  confidence 
interval  than  the  corresponding  24-hour  and  48-hour  sample  results.  The  results  of 
sampling  from  both  manufacturers  seem  to  follow  a  similar  trend — regardless  of  the 
initial  concentration;  the  24-hour  and  48-hour  residence  time  concentration  appears  to 
achieve  a  consistent  concentration  from  approximately  50-100  ppb. 
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Average  Cr  Concentration 


Initial  [Cr]  48-hr  [Cr]  24-hr  [Cr] 

w/  particles  no  particles  no  particles 


Figure  9.  Average  Chromium  Concentration 


Particle  Size  Distribution  Collected. 


A  particle  counter  was  used  to  determine  the  number  and  size  of  paint  particles 
collected  during  sampling  (Appendix  B).  The  size  distribution  of  paint  particles  for  each 
sample  is  plotted  in  Figure  10.  The  paint  particles  per  milliliter  are  quantified  by  bin  size. 
Figure  10  indicates  that  the  majority  of  particles  collected  were  between  1-3.5  |im  in 
diameter.  The  two  samples,  highlighted  in  Figure  10  with  thicker  lines,  have  a  higher 
number  of  paint  particles  in  the  larger  bin  sizes  compared  to  most  other  samples.  The 
initial  three  Cr  (VI)  concentration  associated  with  these  two  samples  are  also  identified. 
The  higher  fraction  of  larger-sized  particles  seems  to  have  a  direct  impact  on  the  high 
initial  Cr  (VI)  concentration  results. 
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Particles/mL  Contributed  by  Painting 


Bin  Size  (“m) 


Figure  10.  Paint  Particles  Contributed 
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Particle  Surface  Area  Comparison. 

To  determine  the  contribution  of  Cr  (VI)  from  the  larger-sized  particles,  the  total 
particle  surface  area  was  determined.  The  analysis  of  particle  surface  area  provides  a 
clearer  insight  on  the  influence  of  particle  size  with  concentration. 

The  total  surface  area  per  milliliter  of  the  paint  particles  was  determined  by 
calculating  the  surface  area  of  the  particles  within  each  bin.  The  surface  area  of  each 
particle  is  45 r2,  where  r  is  the  average  diameter  for  each  bin.  The  number  of  particles 
collected  during  sampling  was  multiplied  by  the  average  surface  area  for  the  bin  to  result 
in  the  total  surface  area  within  each  bin.  The  seemingly  larger  surface  area  in  the  20pm 
bin  may  be  much  less  noticed  with  higher  instrument  resolution. 

Figure  1 1  shows  that  most  of  the  paint  particles  are  distributed  between  1-3.5 
pm,  with  virtually  no  contribution  from  larger  paint  particle  sizes.  However,  the  two 
thicker  lines  shown  not  only  have  a  large  contribution  from  larger  particles  but  these 
samples  also  had  very  high  initial  concentrations  relative  to  the  other  samples  analyzed. 
The  particle  distribution  with  the  thicker  lines  also  had  much  less  in  [Cr]  at  24  and  48- 
hours,  which  means  that  very  little  Cr  (VI)  dissociates  from  the  particles.  These  results 
seem  to  suggest  that  larger  particles  lock  in  more  chromium  than  the  smaller  (1-3.5  pm) 
particles.  The  smaller  particles  may  allow  most  of  the  Cr  (VI)  to  dissociate  which  would 
explain  the  relatively  small  difference  between  the  initial  and  the  24  and  48-hour 
concentrations  when  only  smaller  particles  were  collected.  In  other  words,  when  only  the 
smaller  particles  are  involved,  a  large  fraction  of  Cr  (VI)  would  dissolve  into  the  SLF. 
When  smaller  and  larger  particles  were  collected,  about  the  same  amount  of  Cr  (VI) 
would  dissolve  into  the  SLF  as  the  samples  where  only  small  particles  were  collected. 
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Particle  Surface  Area  (1,000um2) 


SrCrC>4  Saturation  Limit  in  SLF. 


The  solubility  of  SrCr04  in  SLF  was  compared  to  the  solubility  of  SrCr04  in 
water.  This  provided  insight  into  the  saturation  point  for  SrCrC>4  in  SLF.  It  was 
important  to  know  the  saturation  limit  of  SrCrCL  in  the  SLF.  Over-  saturating  the  SLF 
could  affect  the  chromium  dissolution  from  the  initial  to  the  24-hour  and  48-hour  sample 
residence  times.  The  solubility  of  SrCr04  in  water  is  1,200  ppm  at  15  °C  (Weast,  1985: 
B-147).  The  solubility  of  SrCr04  (as  chromium)  in  SLF  at  37  °C  was  determined  to  be 
240  ppm  (Morgan,  2000:39).  The  chromium  concentration  of  the  samples  may  have 
been  biased  if  the  chromium  concentration  approached  the  saturation  limit  of  SrCrCL  (as 
chromium)  in  SLF.  The  chromium  concentration  of  the  samples  (highest  [Cr]  =  6449 
ppb)  is  far  below  the  saturation  limit  (240,000  ppb)  so  chromium  concentrations  were  not 
affected  by  being  close  to  the  saturation  limit. 

Quality  Testing  Results. 

Chromium  was  analyzed  in  blanks  and  in  sample  containers  to  test  for  chromium 
additions  from  unknown  sources.  Blanks  were  prepared  using  only  SLF  and  processed 
identically  to  all  other  samples  and  then  analyzed.  The  concentration  of  the  chromium  in 
the  straight  SLF  samples  was  below  the  AAS  method  detection  limit  (0.02  ppb).  The 
lack  of  detectable  chromium  in  the  SLF  implies  all  chromium  concentrations  from 
collected  samples  originate  from  spray  painting  operations. 
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V.  Discussion 


Conclusions 

This  research  study  focused  on  three  primary  research  goals.  The  first  goal  was 
to  develop  a  method  for  measuring  the  amount  of  metal  dissociation  from  a  particle  in 
SLF.  The  particle  counter  verified  that  paint  particles  could  be  trapped  into  an  SLF.  In 
order  to  measure  the  dissolution  of  chromium  from  paint  particles  into  SLF,  there  had  to 
be  paint  particles  in  the  SLF  for  the  dissolution  to  occur.  The  particle  counter  provided  a 
means  of  verification  for  the  quantity  and  size  of  paint  particles  contributing  their 
chromium  to  the  SLF. 

A  second  goal  was  to  determine  whether  the  residence  time  of  paint  particles  in 
SLF  significantly  affected  the  amount  of  Cr  (VI)  dissolving  into  the  SLF.  To  determine 
whether  time  had  an  influence  on  dissolution,  paint  particles  in  the  samples  were  allowed 
to  soak  in  the  SLF  for  24  and  48-hours.  The  fraction  of  Cr  (VI)  dissolved  into  the  SLF  at 
the  24  and  48-hour  residence  times  were  compared  and  the  difference  was  not 
significantly  different,  so  the  dissolution  process  is  not  time-dependent  at  the  24-  and  48- 
hour  time  range. 

The  final  objective  of  this  thesis  was  to  evaluate  the  fraction  of  total  Cr  (VI)  that 
dissociates  from  the  collected  primer  paint  particles  into  the  SLF.  The  data  strongly 
suggest  that  dissociation  is  significantly  suppressed.  However,  a  size-dependent 
relationship  with  chromate  dissociation  exists  that  is  beyond  the  scope  of  this  research. 

Follow-on  Research 

Several  aspects  to  further  research  would  be  the  efficiency  of  particle  collection. 
One  could  follow  standard  guidelines  to  properly  characterize  the  particle  size  collected 
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in  the  equipment  set-up.  Analysis  of  the  particle  size  would  greatly  enhance 
understanding. 

The  airflow  from  the  pumps  should  be  regulated  with  a  manifold  system  and  flow 
meter.  Regulating  the  airflow  to  all  impingers  will  enhance  the  opportunity  to  target 
particle  size  and  quantity  of  particles  collected  through  adjustment  of  the  airflow.  The 
bubble  size  generated  in  the  SLF  can  also  be  adjusted  through  controlling  the  airflow. 
Upon  visual  inspection  of  the  bubbles  generated  during  sampling,  the  size  of  the  bubbles 
generated  were  many  orders  of  magnitude  larger  than  the  particles  being  collected.  Large 
bubbles  of  air  will  result  in  lower  overall  surface  area  for  contact  of  paint  particles  with 
the  SLF.  This  may  bias  the  particle  size  distributions  collected.  Particle  surface  area  for 
this  thesis  effort  was  skewed  toward  the  smaller  sized  particles,  increasing  the  number  of 
particles  collected  may  result  in  a  more  equal  representation  of  all  particle  sizes. 
Establishing  controls  for  particle  size  will  lead  future  research  to  which  parameters  are 
most  important  in  dissociation  of  chromium  in  paint  particles  to  body  fluids. 

Water-based,  polysulfide,  and  polyurethane  paints,  authorized  by  the  military  and 
federal  specifications,  should  be  studied  to  determine  if  a  similar  relationship  between 
particle  size  and  dissociation  exists. 

Availability  of  Cr  (VI)  to  the  industrial  worker  is  of  great  concern.  Greater  depth 
of  follow-on  research  will  be  key  to  determining  the  human  hazards  associated  with 
chromium  in  paint  overspray. 

Interest  in  chromium  compounds  stem  from  the  fact  that  workers  have  an  increase 
risk  of  lung  cancer  due  to  the  handling,  processing,  and  application  of  chromate- 
containing  compounds.  The  data  collected  for  this  thesis  effort  suggest  that  the  Cr  (VI) 
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escaping  paint  particles  into  SLF  is  hindered.  The  hindrance  of  Cr  (VI)  escaping  the 
paint  particles  into  SLF  was  not  apparent  in  the  studies  OSHA  evaluated,  where  the  Cr 
(VI)  was  in  an  acid-mist  or  dust  form  with  no  paint  matrix  to  hinder  the  dissociation  of  Cr 
(VI)  into  body  fluids. 
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Appendix  A-l:  Deft  MSDS 
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SlCTICB  213  -•  FBI,/  -TAt:  DATA 

Soiling  Range;  23.3  -  39 €  £*?$..  r  vapar  P**ruvi  ty  •; 

>/.a p  *  ffc&t.  <?  x  1;6  *  5c  n  -  &u  t  y  i  Ae«pr«t«  Li < $*' lei  Deb*  i t y  i 

blatiler  vsol  %  44-$  2?  >5  tfnt  pet  g«llj ?i\i 

Vzavity  i 

prear usutet  rZUUX*  M<Jt*20  VTTfi  FOIsVTLT  ODO.E 
V.ChSh?  Ml  C?-fL 

OLPY11.1TY  IK  KATTPx  PB  v  not  appHoaKU; 

XTOI®mS«  TF?’  f THAT'BKB  s  HO  int'fcntflt  ten  found 
«<Wt*FOSina»  T^PtR&TvTSSt  Ko  infermtiea  fornd 
ORfhrSlO??  RATT  ■;  »«•  Srfforsssat  ion  found 
•J^COSITJ:  Thin  1 4 x:fu ! 3  to  |se«vy  vi  m&lmin'l 


IWATT^m  TV  -  PIET  M?D  »!PWJi??.<aS  HA1AKD 


KOrtviftir  than  Air. 
H^fflvior  than  «&i'. 
i.i-23  row*^, 
1*34014 


la^aMlity  ClaAf:  IB  rla»h  rciat  j4?  r  WC  UHn  0.^01  TOLf  iOfOl 

»J<T2  BC?D1  «'2»C  13LXA  > 

ycAMf  AiroBc-,  rcAiJ,  co;r .  dpv  ck?^u.ca.l.;  baiya  rrx=** 

&  PPCIAL  F :*  C>BT  I^KI>CS DI^KPiB  ; 

full  flro  f;ght i?H?  ogirlprt^nst.  with  »«lf - •2X’»ht:aine<5  by««thiifs^ 
app»r«f w.is.  and  full  protecsivn  s?l(?tlsifig  ^rvotsld  b<.?  wm  !;y  fira 

isay  1-^  ?c  cool  clor<^d  ecLtni ro'^'g;  tc?  pr«v^r»t 

$>rft6i«cur»  «vtc»  iisrsitiiv:  ot  <e«^3«*»ioR» 

v&F&VXL  T IKK  4:  r^PUSSICSST  HASAK8S; 

•K««p  c«mt«iQ*r*  tightly  clcso3.  frm  Bent  ..  #p»»r>5#« 

o  1  #c t  r  i  £•<&  1  ss  <2U  J  t  r-ic  ;■:  t  a  r>  cl  open  1 1  auo ,  C ,!  o  si  ed  cor;  t  a :;  n  e  r  a  my 
^plodo  vh«n  expoaod  to  <ss^tr«s;«  h*at  ♦  Applxost  fen  fco  hot: 

*ur£«c*s  r<*quiro»  special  prax^edHon® .  poring 

conditio?:^  ov«r«pC'<5ure  to  d^eorspo*!^ i<sr«  prodxior.K  »ay  o«ua«>  a 
health  harard.  ^y%ptc»g!  ?t«y  net  !'.<#.  apparent  * 


SJECTEOS  V  "  HJSALT1S  B.AIAAD  DATA 


Pc«Kisj?2!Kx  zyrema  urdEt: 

.vJrr-  Fi*cT2Djsi  a.  ^aiab.^d^  ibobb'>i^vTf  . 
stow  cr  u^r,Kify,rcmT^. . 

IKhA'ATXc^ r  rr j  it  .v;  it?r:  of  th<?  re^piretcry  * r&ct.  4  aoute  nervous 
system  depre^aion  cHn.r.sdt#rire4  4y  the  follow* rs^  preersH^&iv# 
atepf.?  he«d-r.:'.yh«v,  di  pa  it...  c^ntuB-ion, 

^necfB^C'ioufervO^  er  ootts . 

AKD  »r.r,  cosnauTT*  &Kir*;  contact  with  th«  *k.ir*  c«n  ca»*e 

irritatior;*  ^yjnpt onfi  rmy  lx>  ««llin^  ro-innso ,  t«:uh, 

2'^fES x  Litsnid,  itr^cdBolir.,  os  v^.poya  Ste  irritating  eaS  may  cauae 
teetinp,  .t^dn^ua..  »nc:  o«vHirvp  «oc<?fnp»rx ied  t*/  e  txr. inking 
^ensar ion . 

ABitOBfT2C’!B  t  fi' t  longed  or  repast exi  net.  c«n  cats  so 

»c<3tef  at#  irritation,  drying,  and  d«-fat  ling  c-t  the  »Xin  whicVi  oat 
can  no  t'nt  ttin  sc  exact . 

2?&?R»T3<^ ;  Ac«f#v  Can  .result  in  irritation  and  pcssabie 
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act  an  ?  wacn,  sirmcr?  •  . r&»iK?  ana  <: 
£taor;  v'^itinp  my  c«u.*fe  ion  of  -  be  so'lve:v 

£ n  cV^ruical  pcmcs-pr, i t-  *  © , 

HZhxix.  mz a&a>$  [Acwn*  mv>  cm.mnc  ; 

ACIPHF  Vapor  r>  are  irr  itehirig  to  eyes.  ncoe,  estn^  thr 
Ir/ba  la-?:  1  <>:■  my  «aa  &e  heads  Phe r> ,  <3 2  f  f ic u  .1  “  br&a£  rn.x.  ;■ 
cornel  r^j;r*7*e&^ 

CKMC&2  IC ,  Prolonged  context  will.  ca.ti?»  drying  and  -./? 
»>d.rt.  due  to  defatting  action.  8fclt»  nation,, 

ofcfaet  allergic  response*?*  i^»y  develop,  Repeat  ed  and 
exprann  e  »y  Mt>s«  dbl..syed  effect'  a  1  nycivine  t he  b.1 
£?i:  t  e  ~  •  S«ift  1 ,  net  v  »i,$  e  a  n-J  t  eproduot  i  v  o  sy  a  t  eras 
F'i'  ■  ka v  v  S5^ix :  *r ;  c r  estrs ; 

TOVZCXL..  i&'&X-B  CONTACT $»  Yeas 
sawcaR^TicK  <'OAS«TfcC?*-  s  »o 

r^bAXATtOf?  { LvK  hR }  •;  Ye« 

CARC  115 1X70^ I C  X XX  • 

nr??-;  ,  iafc  HaiKKmhnw? ;  'if.s,  OBm  rrx?.: 

MSBicm.  ocj^stk&ss  cotekau#  r:r  rb>vbn .  •- 

Astbrsa  etxi  eny  other  re&pir&tary  disorder  r .  £V;.n  a] 
&c  t  &A{& ..  and  <$s>  rnt  i  t  i  £  £  a  < 

'  Alt?* 

mSALATXOai  Hot*  th  on  «ree  fx«0  firm  tri&X  ol  lo rtV: 
he  n  ?■  <  r  <?  hr  «<u  hisi g ..  A&i  ]•« tip  t  y  pe  sy^pi:  rsay  do  v  * 

be  incsedSi *te  or  delayed  by  severe!  ho^r-s  Obtain  *x> 
$st  r  erx  icr» . 

£K  115  •:  ^»!»v ®  c  c- «*. sir* i rmt  ed  h  1  ot  h tty  >  Si: i  a  i'f  oat  ed  a 
thoroughly  with  soap  *wd  wator .  M&vh  oott isrtinat  ed  •:.: 
f;hc-rcvophly  tvfvi^  ri?us^ , 

rl«Ph  with  blear:  iu&w-srm  v«t«y  Clow 
l«saet  ly  TBjn'.stoe ..  oo««#  ion  ally  l.iftity.  .  Oht 

pimi ?  c«  1  st t e n f  io fi , 

IMhXOTXOK  -  iX>  not  ir>.aiico  voroiit:  tr*a .  f>o  hot  yiv»:«  an.vo. 
ycncnnri ^0 ihut-  p<n:a ot *  obtain  st^dicol  «tt «r.t  i on .. 


&EZiTT£m  \n 


HSACTXVITY  w 


T¥ ;  I  )  |x]  staKI# 

;OOP  FOLTW!SKIZAT:C9li  {  I  cooer  ix]  ^i  Vi  r-  •: 

\r 

srzcwc  exx&ttim  acekts*  ^kt>  strcwc;  lwis  or  Mixxt^n 

TXCdhr  XX;  AVD.XX: 

KJ<?«  T^FKRftTO^Sr  I?  PARK i? ,  <5P.  Om:l  riAKSSh  WOir  hh' 
K2sAm!5*?s  »it»  mrxzs . 
tows  mrxmrv&rrjvx  rr^Dv ctts  ; 

BY  :h XC-.H  mx*T - i3X^^'X:f<l/p.r'vXd'  Carbon  nw*no9<id«,  carbon  <d  . 
a;v5  ox:  b&.&t,  .of  nitrogen.  A'.ldehy4«a  and  «.c£<&»  my  'b?  ; 
<ro«5b*:??5t  ion  ,  Chr&nitm  oxisds®  whw?>  burned . 


to  ear  takes?  m  case  hatsrial  or 

e  all  la  I  §m%&£irm&t .  all  to 

ignition  <:  f  1  a  its ,  «pa:rh  ^ooroes-  ^  tet  s-  jr'ln-oa^- 1  ,  Vor>'- 
COM-* in  and  r^aov®  with  ir.#rt  absorbs ml  ar.d  -rion-spn 
©IS  POSAL-  KaT«0O  5 

reonl:  be?  ■dd&pceed  of;  in  accordance  with 
io~a  1  «?nv' ironic »t  a  1  eonx :ro!  ions-.  :fep5.y  cvot 

be  handled  wibh  pare.  te«  product  y#»d<lu«  and  F-. 

BO  MOT  incinerate  cloned  ccEtelnor^ ., 

At<sr>  prz  srexxos  xv,  v..  vx,  fob  cxhter  pkbo’ aoxvi ofs  . 

UFA  ilFAKX^  MAi?TE  »tts!S^/CC®Ei  oOH,  Bf'OX,  f^Dl , 
ytABTZ  Cn&F.&XT?m  ZST1CS  : 

X  to;  2  TM-tbt  Tf  ■  flhi? 

coRRosjvrrr?  kx> 


strctrrcH  vi  i2 


A  T'e^p vto.to.r  that  ie  reooncsended  or  approved  for  u»> 
or  pan  ic  vapor  ^^vis'om^eet  isit  pm-iiyihp  -or  fr^h  o' 
is  nor  snooty  •  Observe  OBIiA  I'eitniet  icne  tx:r  r^rt  brat  < 
VenhilAticr/  ^hr-uld  be  provided  to  twmp  txpomWx:#  lev- 
0£HA  p  ermi  e  s  ibi  ®  Xin:  %  fc  e .. 
lATXOCKi 

r^ih^uet  vent  Option  eu£  fir  lent  tc  k«op  the  sirboica 
t ions  of  solvent  vapor*  or  «i»t*  below  their  re»pe-r? 
rm&%  lx*  rtilited..  Remove  si]  ignition  eourccr  <h»»t 
tler^c..  «nd  hot  nor  fe<raa]  • 

CTtVE  CTUSVJT4? ; 

r?-0t active  9 levee  are  reccmtsf^tuded  Icott on  .  neonre?:;u 
poly ethy  l^ne>  to  pr ev ct-t  ekin  contact.  , 

Pcrr.xr'riC'X ; 

The  uf '•-  0*.  safety  ayew#ar  .is  x'ecor «nsended...  .inrludit .; 
g«*rcSe  or  side  sh£#M«:  clw?:ical  gcgplw#  or  Iwe  et: 
PHC^^r C TJ'V iw  * 

The  use  of  long  siw«  »isd  long  1^9  eletbing  it.  re:n 
pierftove  and  wa*h  contarrinat^d  clotMt-s  before  raute- 


space  tAi>  Ffxcp-rx '.: 


age;  2  DEFT,  INC,  (CAGE  CODE  334S1) 

Material  Safety  Data  Sheet  fort  KZL-9RT-23377G  IHIL-P-23377GJ  (42Y04Q) 


SECTION  IX  -  SPECIAL  PKECAOTJOH5  {gqt* t,) 
OTHER  PKOTECTIVX  EQUIPMENT: 


PRECAUTIONS  TO  BE  TAKEN  IN  HANDLING  AND  STORING; 

Store  in  buildings  deigned  to  comply  vith  0£HA  19X0  -15$ 

Avoid  storing  near  high  teroporafcures,  fire,  open  flames,  and 
spark  sources,  Store  in  tightly  closed  containers.  .Store  in 
well  ventilated  areas. 

OTHER  PRECAUTIONS: 

Keep  containers  tight  and  upright  bo  prevent  leakage .  Prevent 
prolonged  breathing  of  vapors  or  spray  mists,  prolonged  over¬ 
exposure  may  cause  an  allergic  reaction.  Aviod  contact  with 
shin  and  eyes.  Do  not  take  internally.  Do  not  handle  until  the 
manufacturers  safety  precautions  have  been  read  and  understood, 
wash  hands  before  eating,  smoking,  or  using  washroom.  Smoke  in 
smoking  areas  ONLY, 

***  TRANS POKTATICN  XKFOSMATIOU  +** 


APPLICABLE  REGULATIONS:  49  CFR  (TES} ;  IHCO  (NO)  j  IATA  [NO) 

MILITARY  AIR  (APR  71-4)  (NO) 

PROPER  .SHIPPING  NAME:  Faint 
REPORTABLE  QUANTITY:  Rot  applicable 
HAZARD  CLASS:  Flammable  liquid  3 

THIS  MATERIAL  WHEN  PACKAGED  IN  CONTAINERS  OF  1  LITER  OR  LESS 
QUALIFIED  A£  PAINT  IN  LIMITED  QUANTITY  OF  CLASS  3 . 

REQUIRED  LABELS :  Flammable  liquid 

U,S.  POSTAL  KEGULATICNS:  Not  allowed  to  send  via  US  POSTAL 

sxwrcx, 

***  DISCLAIMER  *** 

Information  contained  herein  is  furnished  without  warranty  o£ 
any  kind.  Employers  should  use  this  information  only  as  a 
supplement,  to  other  information  gathered  by  them  and  roust  make 
independent  determination  of  suitability  and  completeness  of 
information  from  all  sources  to  assure  proper  use  of  the 
materials  and  for  the  safety  and  health  of  their  employees. 

ACTUAL  VDC  DETERMINED  PER  EFA  REFERENCE  METHOD  24, 
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SECTION  X 


KEOTOftTORY  INFORMATION 


-.SARA  313  s 

This  product  contains  the  following  toxic  chemicals  subject  tc 
reporting  requirement s  of  section  313  of  the  Emergency  Flatinir 
and  Community  Right  To  Know  Act  c?f  1?S6  and.  of  40  CFK  372; 

Percent  by 

CA.S#  Chemical  name  Weight 

7789-06-2  'jmCftFFXQH  CHRCfrlftTE  22,54 

Thin  product  contains  chromium  (hexavolenfc  compound) , 

26%  by  weight. 


-PROF  65-CARCIKOGERIC 

WARNING:  This  product  cent  a  in  &  a  chemical  Xnown  to  the  state 
of  California  to  cause  cancer, 

CAS#  Chemical  Mams 


7789-06-2  b  strontium  cimc^m 

Thin  product  contains  chromium  (hexavalent  compound) , 


-PROF  65- TERATOGENIC 

WARNING;  This  product  contains  a  chemical  hnowp  to  the  state 
of  California  to  cause  birth  defects  or  other  reproductive  har 

CAR#  Chemical  Name 


None 


-RRCF  65 -CARCDWCXSEWIC  &  TERATOGENIC 

WARNING;  This  product  may  contain  a  chemical  hnown  to  the  stab 
California  to  cause  cancer  or  birth  defects  or  other  rs product 

CM#  Chemical  Name 


None 
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fee  Coa  ?.  in  3  ip  .  Ro  a  i&*  .«  nd  Ho  1st  *  a  Mat  #r  i  «*» 
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LA,S.  aSiKsbers  JfC&T 


hazard  firings!  #s*«lth  -  3 

i*s?r#  •■•->  ez&tr&sm  Til 9  -  3 

0  *  ■>  >  4  K#act  ivit.y  ~  .1 


szctios  ix  -  jsmat&oos:  as^na™ 
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5, 
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8<Z< 
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Si*ph@8o 1 

A 
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-7>  loss  t.  knr 

15  f. 
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». »;, 

N,E< 

3S.Z, 
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A 
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051. 

o.tPKft’risr  amiss 

153^2-3 

*;  t  , 

S.E. 

S.F  ■ 

S.  I. 

S-f, 

Contain® 

Bi  0ph^;;c  ] 

A 

(CAT  |:  $(?••■  05 

i-7;  2  ft  tl-usr: 

55  ts 

iLIPFATIC*  AMZ3SF 

145*31-5 

5  •• 

&,*> 

3L.I, 

B.E< 

B.r< 

Cc-!it.,n  l«f. 

Bii*phox>ol 

h 

{£&&  a  80 -05 

■  -  7}  2#0*  Ua-i 

55 1, 

ALCOHOL 

3-8, 

j.00  pr« 

»,T  K 

,;  pp& 

h.,e<  : 

15  <  5 

0fT 

'84.10  IWRC«ATXC  KIOFCCABaSOS 

54742 

<  i. 

Ti/f 

n.z. 

S  ■:  T  , 

3 

% 

Hanyf^ctrror  r^ccfRmr n  FIL  oi 

2  08  pprs. 

«i3fo  su AN*  mwr< 

176 P -24-3 

<  1- 

mo  rx'» 

250  ppr-  20 

"  P^s 

2,57p|%- 

:fq>:y  KES13  mmnmi 

i>8~7^v,2 

<:.  5  , 

n.  r< 

IMS- 

N.,:e- 
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r; 

% 

?oy 

:FC\XT  Mf4fIW  SAKSflERFR 

71 574- 55-0 

«  1, 

n.it.. 

N.E. 

0 

# 
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the  mcht  Lis?tx>  FtiovvcTB  hzi  m  nm  tsca  iwiranwt  list. 
ALT*  ASV  ttK«XFT»C  IJ^CKRTIISSTS, 


uz.  ~  Mot  S5&t abl i&hftd 


TBCT.I0&  lit  '  H>m>.:XA!:  DAW, 


cilin-g  fv»n^ft  =  321  •  40.2  ts#g .  r  Vs  per  ponait.yf 

Xmp,  W&x&i  0,6*3  x  n-Sfcf.y.!  Li^id  P#fi*ity : 

'c*2«t.i2«*  vol  *  34,5  Wp*$  3s$*7  M$i!  |>#r  f&lionc 

£p#c  •  brevity  i 

F$#<iranc-«>  amber  WQWt>  with  iWLVKwr  odor 

V.Q.C, «  251 

vt%mt<in  in  water*  xnscluw.*  nr.  j*o*  .applicable 

UToiamrtoii  Tmrrmr^nz  ■.  so  ±ntcrmn.ior<  fcuna 
BCOHFOSTITIC3J  TBMS^t^TOKE*.  Ko  ififonwaicn  foufid 
OSRCSIOS  »ATZx  Mo  ioforreat  io;i  found 
UfCCtflTSTi  Thin  liquid  to  hJ?-?.vy  viscous  mt^ylau 


Hosvior  thss  Air, 
bi$bt«t  than  Wfl“;  *t  , 
7 . 90  Pound*  , 


SECTION  3V  -  FI  FI?  AKD  TXTbXbrC*?  HA0ARP  DATA 


Instability  Claasr  IS  Flash  P*~Ant :  72  r  TCT  IZL:  1.00%  llStbx  9.Pj% 

tXTSSiGOlS^JSG  K2.TS1A : 

FOAM-  AlCOJi^X  FOAJ5.  C02,  DKT  C<5WnCAL,  WVflBK  TOG 
SrECIAl.  F2  S«TI0«Ta3»0  3PW30K £ 

Full  fire*  s«Hh  i‘<r«>ftthin^ 

arp-sr«t  >.!£•  ftr-d  iu’i .2  pr  clzKhuv#  fth^la  b#  v<vr?i  by  fir* 

f i^hr«*rft ,  tmy  km  a*«d  to  cool  esest ain«r»  to  j>r«v^or. 

pressure*  by  lid- up,  flf^bv  i^nit  i»:  n  or  sjcpir-K.ion  •• 

7NTr7A-„  TXKo  fv.  RXnXWTCW  «A21Ma>?c 

K««p*  containers  tiobrly  cl^^od.  Imvlux »  £x'0»  >*#«?.-  sharks*;, 

z\ Oont/sinor^  my 

oxflod*  vMn  fc*xpT8^4  to  i^tr«n^  2w«t  ,  Ap.pl ic«tX<?b  vo  hot 
aiiri&c-m*  ?®quiz%tn.  i«1.  j».reoaat  ions .  DyrlfHl  <M*M»3;*gr«r:iry 
oondi tick’s  s?  t<>  «k*cc?*poeltion  pro^jot y  # 

bn»«lth  ■hazard.  Sympt «•«<?  rxaay  net  £*>  iswsAdifttely  *pp»r^nt . 


V  >  HRALTK  5»m^  i!A7’A 


nMae»ifi»L«  ubvti.i 

®  ,?TCTI€®  II x  MA7ARlXnt£  IJjeKCPISSRT!?, 

rrrrcrs  cn>  wzsx  zresvrS; 

mtXZAVXm:  Irritation  of.  xTte  ***pisa?ory  tract  &  ac»t#  n^rvoaA 

&y p ? «si  a«pro?,p;ion  ch»ract*r  i4.od  ty  tho  icllwirij 
st'ftpfe-r  ho? -5n rho ,  di :;■; z lie ^ pa ,  .ijr-^riag  confy siv?: . 

\iccoc sci  evi pin  <j or  com  , 

5JK2U  AJSI5  ITT  CONTACT.  «Kt»;  CoutftOt  vifch  vhs?  »ki.n  cad  £?«u«^ 
i  rt  i  ?.  At  ion ,  Bympt  oc.k  my  1 H  ny ,  rodr- «  r  j; .  nrv:2  ra  , 

l'i<p*i&y  « roosoi s ,  or  vnrers  irr Atoe inp  n :: d  my  c«u» 

t4flr  iir;j ..  r <* An « n ® ,  arid  i> w « 2  2  2  r ;*  « oc: c??sp« n  S  »4  by  n  r r.  A <: p  f n p 
rmn-an  ino . 
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£X1¥  AfiRORR Tim-:.  FroiOSsgME  e?  repeat  coarser  SfAf: 
«*&?*«  t»  irritative,  drying  ana  defatting  of  the 
Catids  the  six.ii;  to  crac*. . 

I&CSFTXO&  j  Arat*?  Cso  r«ealt  in  irritation  and  p:.  e 
covroiiivft  action  In  t><«  mv\t*<  h ,  ©toss eh  tissue  ere 
t.  i.tsrt ,.  yersii;  ing  p#y  can«o  «$pirM  ion  of  z\w  so  Iver 


*»  sards  -iA-rwro-  msp  cwcwtcj 

ACTOh  Vapor  s*  «r*  irritating  fco  «y#»,  noee.  and  t 'e. v 
1  tOm 2  « t:  i  or*  »ay  ca «  h&&6&c£&  © »  4 1  £  £  ten  1 t  be  «  *  x  h  i  r>  ::■ 
■cct.&c  i  c *4  an. 

CHFOttrC;  rxQl$T.$*&  cvrA  act  fcd.ll  <s*u#«  drying  «.r<4  c?a 
©Kin  dug*  sc  defatting  no?  ion ,  jffcin  «*n#Sra*atic:Ti .  # 
othnr  allergic  r«npor,rer  ssay  d<£Yvl.ej .  pet e«t  1»1  ter 
.1  iv  e  r  do.hspe * 

riRSWw*  mvTZiit)  w  mrs&it 
TQrzchh  imzz  canm} ;  yw» 

Ihi^TK^  (CtAFThO-  I£'ntFTXmL>  s  Ft 

nmAiATio^  pjcwss?  =  y*» 
caec  xsocarn  :  c  i  nr ; 

mT7:  m,  iA?vr  «ca»T\*PAr«sr?i  »a,  «p«a  RK^AYsr-  : .  * 

MEDICAL  (TCWC2Tia»4?  AOOKAVAIFD  F;  EXFOSVFX 

A^rTista  and  mx y  of. her  retrpirat ohy  disorder s  .  >k  in  ft!;’ 
«f#r«wjnr?  ,  and  derrsi  t  it  i«  . 

T  A5t>s 

'j'ICHAX  ATI  CSSs  hove  to  an  arm*  fi®  iters  i.i»X  of  ivrtd: 
fb*$ror#  breathing,  Aobhrvst  io  typo  syhpto^r,  may  dev,* ' 
b$  ist^ediato  or  ^1-ftysd  K  several  hoot  a.  -obtain  r***' 
motion. 

FPlon  Xorxryee  c*?«t ®*S  rlothirm  .  mmh  affected  as 
t^orc-jqhiy  vith  aoaj?  &.rs4  vafar ,  o' 

them  cngKiy  before  rense : 

%YIS '  Flrnh  v.ith  cl*«n  loKawant  vat  or  Ucw  trona'ur^ 
2sa^  at  X5  m  put  *  *  v.  ecca  nio-n  a  1  iv  lift  i?{^  eye.l  i<k>  -  Oir.  .■ 


JKS^TIC^!  .Do  not  ihdnoo  vwsit  »ftgr-  Oo  not 

u*woR»c*£«>tf*  j?»<ir@onv  Obtain  ^Mdirel  attont  »t?«  ■ 
FFCTIO??  VI  -  KSACTIVIT* 


rt>KM  or 
ei4n^v  ah' 


TAMT-thf;  I  1  Uhf5£«b.l«  [xl  Ftab.lv 

hZ£?-W‘VP  FridtihtdrATiotb  |  ]  Hay  oocyr  !x: v  will  n 

TM  zm  PAtT  I B I LS  T* 

OXIDttlltd  MATZH1AIS  MID  FTBCSBO  ACIDS' .  «P0XV 
t^OKTROLIED  CCHDI  TICKS . 

C;PbT>It:tdt^  TO  AVOID:. 

»X€fH  KrOXY  ICS«I»3?  CWC85A  C^OmOlLRD 

KAtAJSOPOt'tf  WSrCWt^lTXCV  fKOphCTD  i 

ISY  'd.rrn  JMT/T2»lPifl!ATPK2E:  Cactbrn  tw5»s*;ids,  oar  ton  d 
and  oxidon  of  nitrogen.. 


«3»mOJ»  VII  -  iriLL  OR  I2TAK  m3C»D£ 

F~T.Fi?  TC  tF  TAKKM  Di  CAitE  H&T&R1AL  I,p  t<El;FAeTE.D  OF  FFIMJ 
JS.v«c«et©  «ii  ren-v©n#>.ntial  .  Ro>^-e.-#  all  »k 

ignition  rfl«E^.  stp-srk  &opr« s |>c:t  iur£«c«?a>  ,  Ven? 
Cont  ain  and  rers.cvo  vitk  inert  :«!b©crber;t  and  nm-sps 
WSSTJE  PISFOilAL  HDTIT0-.b5 

jtyi©?;  Oiopo&vd  of  in  aecjot dance  vith  t*$m-i 
2co«i  «nviYot»«^nt  *2  rent  rs.l  r«^«4fttior^  •  T«gty  ccsh 
th?  handled  vith  core,  to  pyc<3yot  reridne  and  t. 
HO  VC'T  incinor«t«  closed  cent  a  in  nr  r , 

M&O  S25K  52CTia«  IV,  V,  VI  >  'FOR  OTHER  P1irrAFriO'?t'5 
FFA  hA IAKFC4IP  KASTJS  JK^S^/COWK!  0 '•#!..  FvDe .  TsV; 
HASAAtxXJF  WWT5  CimPAOTFXIPTtC^s 
KSHlTMMIfm  •*  ’OMS 
cohPOFrvitTs  he 
KfiAtJTTVITii  TER 

VI3I  ■•■  SPECIAL  J^ROTRCTJOR  SF^ 


;-3 1  e  n  rer, 
irj^  tool? 


KSF  PIFATOFd  TM/TECrim : 

A  roapirar e:r  tlyzt  1©  r*>ct.hnrivr;<^0  or  apptrved  for  t*e 
ic  vapor  environment  C«dr  ps?‘ifyin^  or  o 

i  s  Mcemry*  Observe  OF  HA  refuiat.lena  for  re-tpi.  vet 
Vent  i  1  ntion  #.'hb«2.4  be  provided  to  keep  <*%f?osisro  lev 
OFr.A  pc  S'ni  & •  i'tlv  1  indt « » 

VWSTIl-ATICSJ: 

»sch*«st  ventilation  btsffirieat  to  keep  tm  sitbornv 
t  in  nr  r£  isoSv#r»t  vapor  a  or  «i  ©t  &  b&lcv  tlssrir  re-tpa-::' 
fstsn.t  5X?  u£  iliredi,  R^fs.eve  all  innition  ibeat 


nsseRtr«- 
e  TivV 4  & 


ap»t  2  0EFT,  MC.  (CACT*  COX  314 $1) 

Material  Safety  Date  4?1i«t  fors  MIX  -  FRP  -  2337  ?C  IMTL-P 


70}  lP2*0*9C 


■section  vi ix  •  mkcxal  moncttm  woFJwvriows  tcwnc 4  j 


FE0TECTIW-  0ixw^;? 

Protect  iv#  gloves  are  reTOHawndted  (cotton,  neoprene  r*:^r. 
polyethylene  1  to  prevent;  elsin  contact . 

K*»  FE01ECTXCM? 

The  u m  of  safety  «y®tssr  i$  including  splash 

guards  or  side  shields*  chemical  goggles  or  fac«  shields* 
dctzb  mmtcrim  motmmr^ 

The  ui*e  of  long  slew#  and  long  leg  clothing  is  rwr  T«en>cted* 
E«ov e  #n>5  ym&h  contaminated  clothing  bsfor#  reue-fis  < 

mcTim  m  *  srrcz* i  -peeca^ticxl' 
pkec^otxd^  to  m  t &mm  m  mhxihg  akd  rrcmiMc? 

Store  in  bn ridings  designed  to  comply  with  0£Eft  If  10  >)t 

Avoid  storing  n ear  high  temperatures  lire,  c|>#ri  f  1  aao & ,  and 
sp«rfc  soim cm*  Store  In  tightly  closed  containers.  Ft: ore  in 
w@  1 1  ven  t  i  1  at  o  d  area  $ 

DCTEE  l«.CAWXONS : 

Keep  ocntadners  tight  -and  upright  to  prevent  l««\a .  Prevent 
prolonged  ImeatMag  of  vapors  or  spray  mist*.  .Prolonged  over  - 
exposure  may  cause  an  allergic  reaction,  Aviod  oor\ a  with 
sfcin  and  #ya*,  po  not  lakm  internally.  x>o  not  Xiatidl*  mtil  the 
manafact ur#rs-  safety  precautions  have  beer  rood  and  ^r»d»T  stood 
Mm sh  hand*  Ibfrfor#  ootlnp,  or  ysing  washroom-  FmoXe  ia 

smohir-g  areas  CflXOf , 


***  toaksfoetatish  uwommnm  *** 

h F FLIC  ABLE  raWW-ATtCSWfs  4?  CFE  STBS)*  XMCO  |KO)  j  TATA  ?3?0> 

Klt^TARY  AIR  CAFE  71-45  im>) 

FKQFTR  FKJF FTBG  M35r  Faitifc  033  =  0&~32cLl 

RBmwmZ-  crAHTITf*  Hot  applicable 
HA»EP  CLASS ?  Flammable  liquid  3 

TOTS  WTO  PACKAGE©'  Bf  C€^TAIHERS  OF  1  XJTCR  m  IMSB 

gmisrizs  ps  faikc  i»  uMrmi>  QrtfmnTf  of  class  3, 

EEQTIEBD  LABELS?  Flatrable  liquid 

E.£.  fWmb  KEOULATIOHS ?  Hot  *  l  lotted  to  «cd  vi*  OF  FOFT&b 
SERVICE- 


***  DISCLAIMER  *■** 

Inf orma  t ion  con t a  i. rmd  he r e i n  i ■&  -iKT&'ii&md  wi ih out  wa r  ranty  of 
any  Xind.  Ensployera  sisowld  use  fch#  :inf Oration  only  ac  a 
supplomiMit  to  other  information  gathered  l^!  them  arid  nramt  tmk® 
independent  determination  of  suitability  ancl  cofnplet ^r=#®s  of 
in  format  io-n  from  all  source  a  to  asswr#  proper'  use  of  tha 
mater ial;#  amd  for  th«  safety  and  health  of  their  rophoyst#*. 


ACTUAL:  VOC  DE'FEKMTIIED  ftH  ZEb  EETEEEI^CE  METHOD  24 


excTim  t  -  oRt  xhfofm&ti ob 


-  SAHA  113; 

preduct  contain#  tta  toxic  chemical*  pybj&cfc  tc 

reporting  r*qulrw«ritii  of  sasfcica  313  of  the  lLi&rg#nay  plannir 
«md  Cocarairdfey  Eight  Inev  Act  of  2£$£  «md  of  4#  CFf?  3 72? 


CA&f 

71 -92 -2 


f^rcont  .by 

chesaicail  la§  'Weight: 

MC-ffPTTL  ALCOHOL  21,41 


-FK>F  #5-€AKCIM>0raiC 

WAR35UJC?  This  product  com&inm  a  ch^sical  Imowr.  to  th« 
of  California  tc*  cmm  cmzm * 

CAS  I  ch«mic«l  l®i 


ltoi» 


-  FKOF  &5  -  TZEATC’OEfJIC 

This  product-  cent  mine:  a  ch®ic«l  kcr -•■■'•  to  th#  atat# 
of  California  to  cause  birth  defect#  or  othor  reproductive  bm 

CM"!  Chemical  PfesjroE* 

f8e»»& 


*  PROF  ^5*CAWITOCaB«IC  ft  roBATCCT^HC 

K»M.;  This  preflu cfc  i^ay  contain  a  chessicail  known  to  the  stat 
California  to  cipg#  can-car  or  birth,  do  foot#  or  ctb&r  reproduce 

Owl  ehmioal.  Jfa»# 

Bona 
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Appendix  A-2:  DeSoto  MSDS 


MATBSIAl  SAFETY  DATA  SHEET 

He 

SECTION  I  -  PRODUCT  X MDEMT  IPX  CATION’ 

;  Manufacturer t  COU8TAULDS  AEROSPACE  Information  Phor 

5430  SAM  FERNANDO-  ROAD,  Bm&rq&ncv  P her 

P.O.BOX  I BOO  CHEMTRElf  Phnr 

GLENDALE  CA  9X209  - - - - - 

£  Ha  z  a  rd  Ra  t  i  nn  a  : 

:  Product  Class:  EPOXY  t  none  ->  &xtrkm? 

■  Trade  Name  ;  5X3X330  EPOXY  -POLYAMIDE  PRIMER  I  0  >  4 

Product  Code  :  5X3X330  l 

MSDS  ID  No.  :  KS5711A00  !  Person* 

B.O.T.  Hazard  Class  :  Flammable-  liquid  UN  ft;  UN1363 

Proper  Shipping  Name:  Paint 

Hazard  Class  3  Packing  Group  2 
Reportable  Quantity:  See  section  VII 


'  1 n t ed  ;  07/ 0 $ /$ 7 
-vised  ;  01/X6/S5 


;.e :  (810)  240-  2060 
,e :  (800)  228  -  5635 
ie:  (800)  424*9300 

Health  ~  2 
Fire  *  3 
Reactivity  *  0 

1  Protection  -  H 


SECTION'  II  ■■ 

INGRSDI 

ENTS 

Hazardous  Ingredients 

CAS  ft 

Weight 

acg: 

Exposure 

ih/tlv  c 

Iiiraits  ---■ 
:SHA/PBL 

-  VP 

Mn  KG 

‘METHYL  ETHYL  KETONR5 

000078-93-3 

5. 

CTRL* 

"Jittr 

300 

ppm 

200 

300 

ppin 

?<r 

i  3NE  " "  '  ‘ . u . 

000108 -88-3 

15 . 
STBL-- 

50 

ppm 

im 

150 

"pp» 

23 

* XYLENE 

001330-20-7 

1C 

STET> 

100 

150 

ppm 

iOt* 

ISO 

ppm 

6 . 6 

EPOXY  RESIN  ‘ 

025036- 2S- 3 

25. 

Undetermined 

N/AP 

*STROKTIUM  CKHOHATS  007789-05-2 

CHROMIC  ACID, 8TRQKTIUK  SAUF 

STKLw 

0.0005  As  Cr 
mg/ M3 

0  -  05 

mg/M3 
As  Cr 

N/A? 

TITANIUM  DIOXIDE  0 

013463- 67- 7 

<  5, 

10 

s«g/M3 

10 

Lrig/M3 

N/A? 

ISOPROPYL  ALCOHOL 

000067-63-0 

•s  5. 

STBL* 

400 

SCO 

ppm 

~Wq 

500 

“ppm 

44 

TALC  ® 

014807-96-6 

15. 

2 

. mf/MT . 

2 

TSg/ta 

N/AP 

METHYL  AMYL  KETONE  ' 

odeiis-^y-cf 

<  5. 

50 

ppm 

1.00 

"ppn 

2-1 
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COO R T kll IrDS  h&ROS  P&C  E 
Mat zzUiX  Safety  Date  Sheet:  for;  5X1X39 D 


SECTION  II  -  econtj 


***  ALL  Ingredients  in  this  product  are  listed  in  eh&  t.s.c.a.  inventory, 

m  These  items  are  listed  as  required  fey  29CPR  1910: 120 D 
because '  they  appear  on  airborne  contaminants  list.  However,  in 
this  product  they  are  in.  fully  encapsulated  form  and  therefore 
are  not  hazardous  to -users  under  normal  circumstances ,  If  the 
cured  px*oduct  is  sanded,  or  ground  so  an  to  release  respirable 
particles,  suitable  respiratory  protection  should  be  used . 


*  ->  These  items  arc  subject  to  the  reporting  requirements  of  section  3X3  of 
Title  III  of  the  Superf und ’Amendments  and  Reauchori scat i nrs  Act  of  198-6 
.  and  40  CFR  Fart  372, 


SECTION  III  - 


Boiling  Range :  175  -  300  Deg.  F 

Evap  *  Hat  a :  Unava  i  labl  e 
Volatiles  volume:  So. 4  I* 

Appearance  j  YELLOW  LIQUID  f  SOLVENT  ODOR 
V.O.C.  CQR/t) ?  592  W/$10X624&010X3il 


PHYSICAL  DATA 


Vapor  Density:  Heavier  than  Air, 
Liquid  .Density:  Heavier  than  Water* 
Kg d  per  ga  X X on ;  I u , 8  4  Pounds . 

Spe  c  *  Gravi  ty :  1*3-01 


€4/4/1 


SECTION  IV  -  FIRE  AND  EXPLOSION  HAZARD  DATA 


1\  ...ability  Class:  FLA24MABLE  Flash  Point:  22  F  Sstaflash  LSL:  Unknown 
-EXTINGUISHING  .MEDIA: 

Carbon  dioxide ,  dry  chemical  or  foam* 

-SPECIAL  FIREFIGHTING  PROCEDURES: 

Water  spray  may  be  ineffective.  cool  firs  exposed  containers 
with  water.  Fog  no  stales  are  preferrable.  Wear  NIOSH/HSHA 
approved  self-contained  breathing  apparatus  and  protective 
clothing  to  prevent  contact  with  skin  and  eyes. 

-UNUSUAL  FIRE  &  EXPLOSION  HAZARDS ; 


Vapors  may  accumulate  in  inadequately  ventilated  or  confined 
area?;.  Vapors  may  form:  explosive  mixtures  with  air.  Vapors 
stay  travel  long  distances.  Flashback  or  Flame  to  the  handling 
site  may  occur.  Closed  containers  may  explode  when  exposed  to 
extreme’  heat  * 


SECTION  V  -  HEALTH  HAZARD  DATA 


-PERMISSIBLE  EXPOSURE  LEVEL: 

See  section  XX  (not  established  for  product) . 

Tcont . ) 
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COURtAULOS  AEROSPACE 
Material  Safety  Pat a  Sheet  for:  513X390 

SECTION'  V  -  HEALTH  HAZARD  DATA  (can::.) 

-Permissible  exposure  levels  (cone.) 

-EFFECTS  OF  OVEREXPOSURE t 


MEK. 


EYES : 

SKIN  r 

■INHALATION 


INGESTION: 


TOLUENE 


EYES:  MAY  CAUSE  BURNING f  TEARING  AND  REDDENING. 

SKIN:  PROLONGED  EXPOSURE  MAY  CAUSE  DRYING  AND  CRACKING  OF 

SKIN,  AND  POSSIBLE  DERMATITIS . 

INHALATION:  MAY  CAUSE  DIZZINESS,  DROWSINESS 'AND  FATIGUE.  KAY 
CAUSE  LIVER  AND  KIDNEY  DAMAGE. 

.INGESTION:  MAY  CAUSE  DROWSINESS,  DIZZINESS  AND  NAUSEA, 

EFFECTS  OF  LONG-TERM  (CHRONIC)  EXPOSURE 

MAY  CAUSE  DISTURBANCE  .IN  MEMORY,  THINKING  ABILITY,  'EMOTIONS  AND 
COORDINATION. 

THIS  CHEMICAL  IS  ON  THE  LIST  ENTITLED  n  CHEKICALS  KNOWN  BY  THE 
STATE  OF  CALIFORNIA  TO  CAUSE  REPRODUCTIVE  TOXICITY” , 

XYLENE 


EYES:  MAY  CAUSE  BURNING,  TEARING  MtO  REDDENING. 

SKIN:  PROLONGED  EXPOSURE  MAY  CAUSE  DRYING-  AND  CRACKING 

OF  SKIN  POSSIBLE  DERMATITIS .  THIS  PRODUCT  KAY  BE 
ABSORBED  THROUGH  THE  SKIN. 

INHALATION;  MAY  CLAUSE  DIZZINESS ,  DROWSINESS  AND  FATIGUE .  MAY 
CAUSE  LIVER  OR  KIDNEY  DAMAGE. 

INGESTION:  MAY  CAUSE  IRRITATION  OF  THE  DIGESTIVE  TRACT-  SIGNS 
OF  NERVOUS  SYSTEM. DEPRESSION  (DROWSINESS,  DIZZINESS 
LOSS  OF  COORDINATION,  AND  FATIGUE)  . 

ASPIRATION  HAZARD- THIS  MATERIAL  CAN  ENTER  LUNGS 

(cant . ) 


MAY  CAUSE  BURNING,  TEARING  AND  REDDENING ••  POSSIBLE 
TRANSIENT  CORNEAL  CLOUDING . 

PROLONGED  EXPOSURE  MAY  CAUSE  REDNESS,  BURNING , 
DRYING  -AND  CRACKING  OF  SKIN. 

's  MAY  CAUSE  COUGHING,  CHEST  PAINS.  THROAT  IRRITATION. 
MAY  CAUSE  HEADACHES  AMD  DIZZINESS ;  MAY  BE  ANESTHETS 
AND  MAY  CAUSE  OTHER  CENTRAL  NERVOUS  'SYSTEM  EFFECTS , 
REVERSIBLE  LIVER  DAMAGE  IS  POSSIBLE  AT  HIGH  DOSES. 
KAY  CAUSE  DROWSINESS,  DIZZINESS,  AND  HAOSEA . 
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COURTAULDS  AFROS PA CE 
Material  Safety  Data  Sheet  for:  513X390 

SECTION  HAZARD *  DATA'”  ( c ont 7 } 

CT$  OF  OVEREXPOSURE:  (confe  . ) 

DURING  SWALLOWING  OR  VOMITING  AND  CAUSE  LUKG 
INFLAMMATION  AND  DAMAGE, 


BIS  PHENOL  A  /  BPICTLOROHYSRIN  mS IN 


EYES:  MAY  CAUSE  MKCHAN I  CAL  IRRITATION . 

SKIN:  MAY  CMOS'S  SKIN  SENS  IT  I  NATION, 

INHALATION:  KAY  CAUSE  IRRITATION  TO  'RESPIRATORY  TRACT  - 
INGESTION:  LOW  ORDER  OF  ACUTE  ORAL  TOXICITY , 


STRONTIUM  CHROMATE  ***  CARCIKOOBH  ***  BY  NTJ?  AND  XARC 

HBXAVALENT  CHROMIUM  COMPOUNDS  ARE  ON  THE  LIST  ENTITLED 
“CHEMICALS  KNOWN  BY  THE  STATE  OF.  CALIFORNIA  TO  CAUSE  CANCER"  , 

EYES:  HO  DATA, 

SKIN:  IRRITANT.  POSSIBLE  PAINLESS  PENETRATING  ULCERS  OF 

SKIN.  SENSITIZATION  IN  SOME  INDIVIDUALS.. 

INHALATION:  MAY  CAUSE  MUCOUS  MEMBRANE  IRRITATION  AND  PENETRATING 
ULCERS  OF  THE  NOSE,  PERFORATION  OF  CARTILAGINOUS 
NASAL  SEPTUM.  JAUNDICE  AND 'KIDNEY  DAMAGE  REPORTED. 
INGESTION:  NO  DATA. 

ISOPROPYL  ALCOHOL 


EYES :  IRRITANT, 

SKIN:  IRRITANT. 

INHALATION:  MAY  CAUSE  NOSE  AND  THROAT  IRRITATION,  MAY  CAUSE 

FLUSHING,  HEADACHE,  DIZZINESS,  MENTAL  DEPRESSION, 
NAUSEA,  VOMITING,  NARCOSIS  ANESTHESIA  AND  COMA. 
INGESTION:  MAY  CAUSE  HEADACHE,  DIZZINESS,  MENTAL  DEPRESSION, 
NAUSEA,  VOMITING,  NARCOSIS,  ANESTHESIA  AND  COMA. 

MAK 


EYES :  MAY  CAUSE  BURNING,  TEARING  AND  REDDENING. 

SKIN:  PROLONGED  EXPOSURE  MAY  CAUSE  DRYING  AND  CRACKING 

OF  SKIN.  POSSIBLE  BBRMATITXBS . 

INHALATION ;  MAY  CAUSE  DIZZINESS,  DROWSINESS  AND  FATIGUE . 
INGESTION:  MAY  CAUSE  DROWSINESS,  DIZZINESS  AND  NAUSEA, 

(cont.) 
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courtaulds  aerospace 

.Material  Safety  Oat  a  Sheet  for:  513X390 


SECTION  V  '  HEALTH  HAZARD  DATA  {corJfc  ■ } 


- EFFECTS  OF  OVEREXPOSURE :  (cant .) 

-FIRST  AID: 

Ey««:  Flush  with  water  for  IS  minutes.  Get  medical  attention. 

Skin:  wash  with  soap  and.  water.  Do  net  use  solvents. 

Remove  contaminated  clothing  and  wash  before  reuse. 

If  symptoms  persist,  get  medical  attention. 

Inhalation :  Remove  to  fresh  air  from  exposure,  Give  artificial 
respiration  or  cardiopulmonary  resuscitation  (CPI >  if 
breathing  is  difficult,  get  medical  attention* 

Ingestions  Get  medical  attention* 

SB&riOK'  VI  -  REACT IVIT  Y  DATA  . 

STABILITY:  [  1  Unstable  1x3  Stable 

HAZARDOUS  POLYMERIZATION :  |  ]  May  occur  [x]  Will  not  occur 

-INCOMPATIBILITY 

Hone  recognized  unless  noted  below. 

- CONDITIONS  TO  AVOID: 

None  recognized  unless  noted  below. 

-HAZARDOUS  DECOMPOSITION  PRODUCTS: 

Products  of  combustion  are  hazardous  including  carbon  dioxide 
and  carbon  monoxide. 

SECTION  VII  ~  SPILL  OR  LEAK  PROCEDURES 

..F  *>£  TO  BE  TAKEN  IN  CASE  MATERIAL  IS  RELEASED  OR  SPILLED 

Protect  from  ignition.  Wear  a £r* supplied  respirator  for 
unventilated  spill  *  Cover  with  absorbent  material  and  scoop 
into  container.  Clean  residue  with  a  suitable  solvent. 

CERCLA  RO  FOR  MEX  IS  5,000  LBS . 

CERCLA  RQ  FOR  TOLUENE  IS  1,000  LBS  . 

CERCLA  m  FOR  XYLENE  IS  X, 000  LBS . 

CERCLA  RO  FOR  STRONTIUM  CHROMATE  IS  10  LBS. 

-WASTE  DISPOSAL  METHOD: 

When  disposing  of  this  material,  ensure  that  it  is  packaged, 
stored,  transported  and  otherwise-  managed,  in.  accordance  with 
local,  state  and  federal  regulations. 

SECTION  VIII  -  SPECIAL” PROTECTION  INFORJ4AT ION : 


-  RESPIRATORY  PROTECTION ; 

When  spraying  or  applying  in  any  circumstances  likely  to  produce 
airborne  level  of  hazardous  ingredients  In  excess  of  TLV#  use  an 
organic  vapor  cartridge  or  air ■■  supplied  respirator. 

-VENTILATION:  "  . 

General  ventilation  to  maintain  vara r s  below  TLV  and  PEL, 
-PROTECTIVE  GLOVES: 

Solvent  resistant  gloves.  During  spray  application,  complete 
(contj 
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CGURTAULDS  AEROSPACE. 

Material  Safety  Data  Sheet  for;  512X390 

SECTION  VIII  *  SPECIAL  PROTECTION  IKFORMATTON:  (CO&C.) 


-Protective  gloves :  <cont . ) 

skin  protect! oa  is  required. 

-B m  PROTECTION ; 

Goggles  or  full-face  shield. 

- OTHER  PROTECTIVE  EQUIPMENT : 

Avoid  skin  contact  Jby  use  at  other  protective  clothing.  Safety 
Shower,  eye  hath  and  washing  facilities  should  be.  available. 

SECTION  XX  -  SPECIAL  PRECAUTIONS 

-PRECAUTIONS  TO  BE  TAKEN  IN  HANDLING  AND  STORING: 

Keep  container  tightly  closed.  Isolate  from  heat,  electrical, 
equipment,  Sparks  and  flame.  Do  not  store  above  120  deg.F, 

» OTHER  INFORMATION  ■ 

-Empty  drums  my  contain  explosive  vapors ,  Do  not  cut,  punetiira 
or  weld  on  or  near  drum. 

Vapors  of  this  product  are  heavier  than  air  and  may  collect  in 
low  or  confined  areas* 
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Appendix  B-l:  Deft  Data  Tables 


Sample 

Label 

Cr  Concentration  (ppb)  Deft 

Initial  [Cr] 
w / 

particles 

24-hr  [Cr] 
no 

particles 

48-hr  [Cr] 
no 

particles 

Deftl 

511 

431 

442 

915 

50 

118 

Deft4 

53 

50 

141 

86 

84 

Deft7 

102 

26 

109 

32 

45 

19 

17 

132 

70 

62 

208 

57 

36 

■ 

218 

63 

66 

55 

248 

52 

106 

■ 

117 

301 

751 

141 

99 

1 

77 

2 

5 

Deftl  8 

463 

31 

31 

Deftl  9 

43 

49 

Deft20 

77 

44 

31 

Deft21 

143 

45 

42 

Deft22 

273 

47 

49 

Deft23 

41 

40 
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Appendix  B-2:  DeSoto  Data  Tables 


Sample 

Label 

Cr  Concentration  (ppb)  Deft 

Initial  [Cr] 
w/ 

particles 

24-hr  [Cr] 
no 

particles 

48-hr  [Cr] 
no 

particles 

DeSotol 

147 

94 

i 

DeSoto2 

149 

157 

58 

DeSoto3 

99 

140 

DeSoto4 

1,810 

171 

DeSoto5 

148 

DeSoto6 

154 

303 

DeSoto7 

127 

118 

DeSoto8 

HHSSl 

178 

332 

1,496 

863 

274 

69 

73 

DeSotol  1 

450 

208 

282 

DeSotol  2 

46 

26 

DeSotol  3 

79 

43 

DeSotol  4 

1,269 

149 

DeSotol  5 

123 

35 

32 

DeSotol  6 

590 

70 

71 

DeSotol  7 

159 

189 

DeSotol  8 

160 

79 

89 

DeSotol  9 

768 

64 

DeSoto20 

141 

DeSoto21 

1,084 

214 

205 

DeSoto22 

944 

80 

185 

DeSoto23 

1,391 

97 

121 

DeSoto24 

202 

39 

42 

DeSoto25 

42 

48 

DeSoto26 

566 

70 

68 

DeSoto27 

881 

73 

DeSoto28 

1,916 

87 

103 

DeSoto30 

1,296 

85 

DeSoto31 

146 

137 

DeSoto32 

122 

65 
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Appendix  C:  Residence  Time  t  Test 


H0:  (J-Deft24  “ 
Ha:  P-Deft24 


Ho-  f4j)eSoto24 
Ha:  (i-DeSoto24 


M-Deft48 

M-Deft48 


t-Test:  Two-Sample  Assuming  Equal  Variances 


Deft 

Deft 

24-hr[Cr] 

48-hr[Cr]  no 

no  particles 

particles 

Mean 

83.1 

99.3 

Variance 

8136.2 

11597.3 

Observations 

21.0 

21.0 

Pooled  Variance 

9866.8 

Hypothesized  Mean  Difference 

0.0 

df 

40.0 

tStat 

-0.5 

P(T<=t)  one-tail 

0.3 

t  Critical  one-tail 

1.7 

P(T<=t)  two-tail 

0.6 

t  Critical  two-tail 

2.0 

—  (tDeSoto48 
M-DeSoto48 


t-Test:  Two-Sample  Assuming  Equal  Variances 


DeSoto 
24-hr[Cr] 
no  particles 

DeSoto 

48-hr  [Cr]  no 
particles 

Mean 

98.4 

112.5 

Variance 

5330.7 

9591.1 

Observations 

44.0 

44.0 

Pooled  Variance 

7460.9 

Hypothesized  Mean  Difference 

0.0 

df 

86.0 

tStat 

-0.8 

P(T<=t)  one-tail 

0.2 

t  Critical  one-tail 

1.7 

P(T<=t)  two-tail 

0.4 

t  Critical  two-tail 

2.0 
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Appendix  D:  Particle  Count  Contributed  by  Painting 


Dm  "3 

£  £ 
ce  ^ 

c» 


'Note:  The  sample  label  spans  the  corresponding  manufacturer  and  concentrations  identified  in  Appendix  B-l  and  B-2 
(i.e.  Deft  1-3  corresponds  to  Deftl,  Deft2,  and  Deft3  sample  concentrations). 

2Note:  No  corresponding  sample  concentrations  are  available  for  this  particle  count. 
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